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MECHANICS 


Lzcruas Xx 


AT 7 ER is what has Exten- 
ſion and Reſiſtance; which are 
Properties of all kinds of Bodies. 

2, Beſides theſe, Gravity is an 
univerſal Principle in Matter; 
that is, all Bodies tend to one 


another, according to the Quantity of ſolid Mat- 
ter in each Body. As for Example: The Sun 
attracts the Earth, and the Earth the Sun; the 
Earth the Moon, the Moon the Earth: And in 
mort, all heavenly Bodies haye a Gravitarion or 

B Attrattion 


BE, ( 2 ) 

Attraction towards one another; as is fully De- 
monſtrated by Sir Iſaac Newton. | 
3. By the Experiment of the Light of the Can- 


dle paſſing thro? a Hole in the Paper, was ſhewn 
the Law of that Gravity, or general Attraction; 


which decreaſes as you recede from the Center 


of the attracting Body, juſt as the Square of the 


Diſtances encreaſes. As for Example: If we 
were twice as far remov'd from the Sun as we 


are, we ſhould be attracted by it four times more 


weakly; if 3 times as far, the Attraction would 


be 9 times leſs. 


| Note, That Light, Heat, and all Qualities propa- 
gated from a Center, every wayobſerve the ſame Laws, 


4. There is another kind of Attraction, namely, 
that of Cohæſion; which is called the Electrical At- 
traction une cited; which is very ſtrong when the 
Parts of Bodies touch one another, but decreaſes 
(when the Parts of Bodies are at any ſenſible Di- 


Nance) much faſter than Gravity, ſo as to become 
almoſt inſenſible then, This Attraction is proved © 


by the Experiments made on the Drop of Oil of 


Granges; on the Mercury, in the Caſe Where lit- 


tle Cylinders of Glaſs and Iron lye at the bottom 


of it; on the red Water and Blood riſing in ſmall 


Tubes, the Hyperbola of ting'd Water riſing be- 


tween the two Glaſs Planes, and the Mercury ri- 


ſing in a clean'd Braſs Tube with a concave Sur- 
| ol D ot 


F. The repelling Force in Bodies, and the Electri- 


cal Attraction excited, appears from the Experi- : g 
ments made with the large Glaſs Tube rubb'd 
with the Hand, which firſt attracts, and then re- 


pells ſeveral (or indeed all) Bodies; as appear'd 


in the Experiments made upon Cork, Lead, Glaſs, 
Iron, Feathers, Leaf-Gold, &c, N. B. A Feather, 


er any other light Body, when once attrafted by the 


2 


IF 


T3 Y. 
rbb'd Tube, fo as to touch it, will always be repell' 4 


from it, till it has touch'd ſome other Body, 
6. Bodies are compounded of ſeveral Combina- : 
tions of the firſt ſolid Particles of Matter ; thoſe 
Bodies that have moſt Compoſitions, having leaſt 
Matter, or moſt Vacuity. Each Compoſition af- 
fording new Pores, larger than thoſe of the laſt 
———— before. ; N 
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LECTURE II. 


t. 071 0 N, is that Force by which a 
KEW Body continually changes its place: the 


. Quantity of it is known by multiply- 

| N ing the Quantity of Matter into the 
- Velocity; ſo that a little Body may 
have as much Motion as à great one, if it has 
as much more Velocity as it has leſs Matter. The 
Thing was prov'd by a Spring ſhooting forwards 
two unequal Leads with the ſame Force, 
2. A Down Feather and a Guinea, fall equally faſt 
in a Glaſs from which the Air is drawn ; 8 this, 
and the former Experiment may be deduc d, that 
Gravity towards the Earth (or the Force by which 
Bodies fall) is always equal to the Quantity of 
Matter in Bodies: Whence it follows, That if 
two equal Bodies (as the Cube of Iron, and that of 
Wood) weigh unequally, there muſt be Vacuities 
interſpers d in that which weighs leaft, 3 

3. Another Proof of a Facuum is thus deduc 'd 
from the laſt Experiment, Mercury weighs 14 
times more than Water ; and accordingly it reſiſts 
toa Body moving in * 14 times more than Wa- 
B 2 ter. 
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ter, Water weighs and reſiſts 850 times more 
than Air; whence it follows, that the Reſiſtance 
of a Medium, is proportionable to its Quantity of 
Matter. Therefore, as the Feather falling in the 


_ exhauſted Receiver, meets with no ſenſible Re- 


ſiſtance,, as it does when it falls in the Air, there 


muſt be no ſenſible Quantity of Matter in the 


ſaid Receiver; and conſequently a Vacuity muſt 


be interſpers'd all over it. If all the World was 


full of Matter, tho' ne'er ſo ſubtile, Bodies mo- 


ving in ſuch a Fluid, would be more reſiſted than 


if they mov'd in Quick-Silver. 


4. The Alateria ſubtilis (according to the Car- 
teſians ) impells heavy Bodies downwards, therefore 


it muſt have Reſiſtance; but it makes no Refiſt- 


ance in the exhauſted Receiver, therefore it is not 


there. If there was any Matter without Reſiſt- 
ance, it would no longer be Matter: Its being di- 


vided into fine Parts not taking away the Reſiſt- 


ance; for a Pound of Gold weighs as much when 
in Duft, as in a ſolid Lump. 


5. Light has a Velocity 100000 times greater than 
a Cannon-Ball; if therefore a Duck-Shot had the 


Velocity of Light, it would ſtrike any thing as 
ſtrongly as a Cannon-Ball 100000 times bigger, 


moving with all the Swiftneſs that it receives from 


the Powder. N. B. Light comes from the Sun in 
about eight e Minutes, and from the fixed Stars, in 
about Six Months; whereas a Cannon-Ball would be | 
25 Years in going the firſt, and 50000 Tears in going [ 
the laſt Journey. DE 
e I ie whole Effect of mechanical Engines, to 
ſuſtain great Weights with a ſmall Power, is pro- 
duc'd by diminiſhing the Velocity of the Weight 
to be rais'd, and increaſing that of the Power in 
A reciprocal Proportion, of the two Weights, and 
8 their Velocities; that is by giving as much more 


Vel ocity 


* 4 r 
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Velocity to the Power, as it weighs leſs (or has 

leſs Matter ) than the Weight; that the Quantity 

of Matter fix'd at each end of a Machine (for 

Example of a Steel-Yard ) being multiplied by its 

Velocity, may ſhew that there 1s an equal Quan- 

tity of Motion at each end; but equal Motions 

acting with contrary Directions, deſtroy one ano- 

ther, and fo cauſe an Equilibrium. If you give 

the Power a little more than the above · mention'd F 
Velocity, it will over-poiſe, or raiſe the Weight. 


Magnitude : 
E Three Centers that „ce 8e Bodies 
Gravity 

8. The Center of Magnitude is the Middle, 

9. The Center of Motion, is a fix'd Point, round 
which a Body turns, or endeayours to turn. 
10. The Center of Gravity, is that Point by . 
which if a Body is ſuſpended, it will remain in 
any given Poſition. 

11. If the Center of Gravity be not in the Cen- 
ter of Motion, it will deſcend till it goes under the 
Center of Motion, unleſs it be perpendicular ly over 
it. This Truth gives us a Method for finding the 

Center of Gravity of the moſt irregular Bodies, 
by ſuſpending them ſucceſſively by different Sides, 
and marking where a Plumb-Line let fall from 
the Center of Suſpenſion, touches the Body in each 
Caſe; obſerve where thoſe Lines interſect, and at 
that Interſe&tion the Center of Gravity will be. 

12. The Center of Gravity is in the middle of 
a regular and homogeneous Body; but not in the 

Center of Bodies that are not ſo; as appears from 
the Experiments of the round piece of Wood 
with Lead on one ſide, and of the Tobacco-Pipe 
broken at its Center of Gravity, and then weigh'd. 
13. Bodies inclin'd, cannot fall, if their Line 
* Directioss falls within their Baſes, otherwiſe 


they 


they muſt fall. It is upon that Principle that we 
keep ourſelves from falling, as we walk. That the 
double Conic ſolid, ſeems to riſe of it ſelf upon 


the Glaſs Tube, tho? it really deſcends : And 


that a Stick, which of it ſelf would fall from the 
Table, is kept from falling, by hanging a Pail 
of Water to it; becauſe the Center of Gravity 


of the Stick, which cou'd deſcend at firft, alters 


its place, and cannot deſcend when the Pail is hung 


on; no Body being able to deſcend, unleſs its Cen- 


ter of Gravity can fall. 


FEC 


Loren III. 


I. THERE H E Reciprocal Proportion between two 


Do T 227 counter-ballancing Weights, and their 


Velocities holds good in all the me- 


N chanical Powers. 


| Theſe Powers are Six. 1. The Ba- 
lance. 2. The Leaver. 3. The Pulley, 4. The Ax- | 


is in Peritrochio. 5, The Wedge. And 6. The Screw, 


Tho? the Screw being only a Wedge carried round 
a Cylinder, a great many count but Five mecha- 


* 


nical Powers. ES LEP 
1. A Balance has either equal Brachia ( as in 
the common Scales) or unequal ones, as in the 


Statera Romana. To have the Balance Horizontal, 
when in #quilibrio, the Center of Motion. muſt 


be a little above that of Gravity. The falſe Ba- 


lance is a common pair of Scales, whoſe Beam is 


unequally divided, tho' it is not eaſily perceiy'd : 
But changing the Scales diſcovers the Cheat. — 


£23 


To find the Center of Gravity of two Wei ches 


apply'd to a Balance of known length, 8 "his 
| Ty 
5 As the Sum of the Weights : : 
. To the leaſt W eight 22 
4 So the Length of the Balance + 


To the diſtance of the great Weight from the 
Center of Gravity. | 


oy Analogy not giving the Place of the Center of 
Gravity exactly for Practiſe, by reaſon of the Weight 
of the Beam of the Balance, hang a Weight F 
equal to the two others, at their common Center 
of Gravity, and a Weight G equal to the Beam of 
the Balance, at the Center of Gravity of * Ba- 
lance, and ſay, >, 0; ; 


As the Sum of the Weights F and G: 
T0 the leſſer Weight G:: 
So the Diſtance CI of theſe two new Weights. 
To the Diſtance of the Weight F, from the true = 
Center of PONY. K. 


2, There are four Sorts of Leavers. The Lea- 
ver of the iſt kind, has the Weight at one end, 
and the Power at the other, with the Center of 
Motion between. The Leaver of the 2d kind, has 
the Center of Motion at one end, and the Power at the 
other, with the Weight between. The Leaver of the 
3d kind, has the Center of Motion at one end, and 


the Weight at the other, with the Power 8. 
. © | 
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The Leaver of the 47h kind, is only a bended 
Leaver of the firſt kind. 


A compound Leaver is more uſeful than a ſimple 
One of the ſame Length. 


3. An upper Pulley adds nothing to the Power, 
but a lower One doubles its Force. In compound 


Pullies, the above- mention'd reciprocal Proportion, 


determines their Force. 


4. As the Circumference of the Wheel to that 
of the Axis that receives the Rope, ſo is the Force 
gain'd by an Aris in Peritrochio. 


5. The great Friction of the Wedge is overcome 
by a ſmart Blow. This Friction is of uſe in the 
Screw, which adds a vaſt Force to the Power, but 
raiſes the Weight but a little way. 
6. If you apply the Screw ( calfd in that caſe 
an endleſs Screw ) to the Skew-Teeth of a Wheel, 


* make a compound Engine of great uſe. 
Let compound Engines be made in any Form, 


- 0 * their Strength, obſerve how much the 
firſt Mover goes faſter than the laſt Mover; and 
ſo much as the Effect of the Engine falls mort of 
that Proportion, that is the Friction. 


All the mechanical Powers my be reduced to 


the Leaver. 
What any Engine ain in Strength, it loſes in 


Time, 
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if a Body be acted upon in the BT 


in the Diagonal Line A D, and 
deſcribe AB or A C. 


moving in 


3 
Lzcruns TV. 


"24s E firſt Law of eMotion is this. All 


Bodies endeavour to remain in their 
State of Reſt or Motion, and that is 
Be call'd the Vis inertie of Matter. Air 
We card A a and Gravity brings 


it to _ Ground. 


If a Body is acted upon by two Forces, it will go 
in the Diagonal of the Parallelogram, that repre- 
ſents the quantity and direftion of thoſe — As 


Direction A B, and A C, it will go : 


that in the ſame time that it wow d A ; 


From this Principle, a Cannon-Ball deſcribes a 
Parabola, by a mixture of the Projectile force of 
the — and the Gravity; the whole Curve be- 


ing as it were made up of a great Number of very 


ſmall Diagonals. 


2. A Centrifugal Force, is that by which any Body 
ee, (as a Stone in a Sling) 1 
vours to eltape out of the Curve, and flie off in a 


right line Tangent, to the ſaid Curve. The String 


raving to the Center, and keeping the Stone from 
flying off, ſhews what is meant by a Centripetal 


Force, which is juſt the Reverſe of the other. 


By the Centrifugal Force, a whirPd Veſſel will 


9 not toil its Water, becauſe the Gravity of it is leſs 


than that Force. 
3. The Bullet tied to the Center of the whirl'd 


Table, endeavour'd at firſt to remain at reſt, whilft 

che Table went from under it, *til] the roughneſs of 

the Table carried it along ; which ſhew'd, that it 
C 


en- 


„„ 
endeavour'd to continue at reſt; but when once in 


motion, 1t went on, tho? the Table was ſtopp'd, 
which ſhew'd the endeavour of a Body to continue 


in motion, and the ſtretching of the String ſhew d 


the Centrifugal Force. 
4. That ſuch a Force, is ſometimes greater than 


Gravity, was ſhewn, when the Bullet hung off of 


the Table, and was rais'd by turning the Table; and 
allo when Mercury, Lead and Cork, were carried up- 
ward, in their h Tubes, as the Table went 
round. 


5. That Cork in Water, and Oil ; in Water, went 
towards the Center, was owing to the greater Cen- 


trifugal Force of the Water; becauſe Water weighed 
more than thoſe Bodies, and had the ſame Velocity; 


therefore the Water's greater Motion; muſt make 


them loſe their Places, and force them towards the 
Center. 


That the Motion of the aforeſaid padics in the <A 


Tubes, was in a Spiral, was ſhown by the Spiral, 
drawn with Chalk, by endeavouring to draw a Semi- 
diameter, whilſt che Table was in motion. 


6. If a Cannon-Ball was ſhot Horizontally (or up- 


on the Level) from a Mountain, with a Force of 


Powder equal to the Earth's attraction, it wou'd con- 
ſtantly go round, and never come to the Ground; like | 
a Planet, The Projectile Motion, or Centrifugal 7 
Force ariſing from it, wou'd keep it from falling to 
the Earth, and the Attraction of the Earth, wou'd 


keep it from fly ing out of its Orbit, and quitting the 
Earth by moving off in the Tangent. 

The Aoon is juſt ſo affected, but at the diſtance of 
60 Semidiameters of the Earth, from the Center 


of the Earth, and acted upon by an Attraction, a- : 


bout 3600 times lefs than the Attraction or Gravity 
at the Surface of the Earth; becauſe 3600 is the 
Square of 60. 


7. Tha 
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7. The Glaſs Body being whirl'd about on the Ta- 
ble, rais'd Weights that drove it towards the Cen- 
ter, in proportion to the Velocity that was given it, 
ſo as to encreaſe its centrifugal Force, when it was 
drawn by the greater Weights : This ſhew'd how 
Planets are kept from falling into the attracting 
8. The Two Wooden Balls whirl'd about in the 
Trough, ſhew'd, that when two Bodies are acted 
upon only by each other, their common Center of 


Gravity will be at reſt, and they will deſcribe ſimilar. 


Figures round about it. 


E 


LECTURE V. 


: I, WW HE Second Law of Motion, is, that the 


Change, Encreaſe, or Diminution of 
5 7 Motion, is as the Force impreſs'd, and 
2 the Direction of that Force. 

"NY 2. The Acceleration of Bodies in their 


Fall, is owing to Gravity, and the firſt Law of Mo- 


tion. Gravity gives the Motion downwards at firſt; 


the firſt Law continues it, and Gravity ſtill] ſuper- 


adds, till the reſiſtance of the Air is equal to what 


Gravity is able to ſuperadd, then the Motion be- 


comes uniform, without any more Acceleration. 


3. The more a Body is ſpecifically light, the ſoon- 
er it comes to that uniform Motion. Cork imme- 


diately comes to it, but Lead is a great while firſt ; 
and the bigger the Lump of Lead is, the longer it 


falls before it comes to this uniform Motion; becauſe 
its Weight then bears a great Proportion to its Sur- 


face, the reſiſtance of the Air depending upon the 


the Squares of the Times, as is thewn by Galilao's 
Scheme of Triangles, where you ſee, that if a Bo- 


dy falls one Space, (or 16 Feet and one Inch) it will 


fall four Spaces in 5 Seconds, 9 in 3, 16 in four, &c. 
5. Where there is no Air, Bodies always accele- 
rate their Motion, in the above given Proportion. 
Hence it is, That Comets and Planets in their 
Ellipſes, move from the Aphelion (or greateſt di- 
ſtance from the Sun) to the Perihelion, (or neareſt 
diſtance from the Sun) with an accelerated Motion; 


and from the Perihelion to the Aphelion, with a 


Motion uniformly diminiſh'd : The Attraction of 


the Sun, firſt accelerates the Motion, by conſpiring 
with its Direction, then retards it, by drawing coun- 


- ter to it. 


6. The Reaſon why a Planet, or Comet, does 


not fall into the Sun, when neareſt to it, is, that 
the Centrifugal Force encreaſes in proportion to the 
Square of the acquir'd Velocity; and the Reaſon 


that a Planet, or Comet does not go. off, and leave 


the Sun, when at its Aphelion it is leaſt attraCted, is, 
that the Centrifugal Force diminiſhes in proportion 
to the Square of the diminiſh'd Velocity. 

J. The Orbits of Planets are almoſt Circular; 
but thoſe of Comets are very long Ellipſes; ſo that 
they muſt, from the Laus of Gravity, move a great 
deal faſter than Planets at the Aphelion, and much 


flower at the Perihelion : And that they actually do 


ſo, is plain from Obfervation ; for by a Ray drawn 
by thought from the Sun to them, they ſweep thro? 


equal Areas in equal Times; and it has been. prov'd, 
that when a Body revolves about another, if it de- 
 1cribes equal Areas in equal. Times, it is acted upon 
by a Centripetal Force, towards that Central Body. 


8. That the Centripetal Force. and. Gravity, is the 
fame thing in a Second of Time, appears from the 


Con- 


4. The Spaces which Bodies fall thro, are as 
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Conſideration, that a Projectile round the Earth, at 
the Moon's diſtance, wou'd move juſt as theMoon does, 
except ſome Errors in the Moon's Motion, which are 


owing to the Sun's Attraction, that diſturbs the Mo- 


tion of the Moon, ſo as to make it leſs Regular. 


9. Comets receive ſuch a degree of Heat, when 


they come near the Sun, as to fend out a vaſt quan- 


tity of Vapour, which being ſhin'd upon by the Sun, 
cauſes the blazing. Tails, which we fee of various 
Shapes, according to our poſition. in reſpect of them. 


As the Comets receed from the Sun, they cool, and 


their Vapour ( conſequently their Tart ) dimi- 
niſhes. 
6 KA Comet ſhou'd come 10 near he Sun, as to 


; go within its Atmoſphere, the reſiſtance of that 


Medium, wou'd take off ſo much of its projeckile 
Motion, as to make it fall into the Sun in a few 


| Ravolutions 


11. Thoſe Planets which are nencell the Sun move 


faſteſt, to avoid being drawn into the Sun ; and 
| thoſe which are fartheſt, move ſloweſt, that they 


may not fly out of their Orbits, as being leſs at- 
tracted. The Planets that are near the Sun are ſmall, 
that they may not make the Sun move about a Point 
far from its own Genter; the common Center of 
Gravity of ſuch a Planet, and the Sun _ v_ 


near the Sun's Center. 


' LECTURE 


_ lighten'd Part. 


814 ) 
LEETUR E VI. 


1. 228 the Light of the Lantern thrown 
upon the White Ball, was ſhewn how 

he Light of the Sun falls upon all the 

75288 55 parts of the Moon ſucceſſively. The 
Phaſes of the Moon were alſo ſhewn by 


it —— The Fal Mocn, when being between the Sun 
and Moon, the Inhabitants of the Earth ſee all the 
enlighten d part of the Moon. New Moon, when 


the Moon being between us and the Sun, its en- 
lighten'd pa 17 turn'd from us. Half Hoon, when 
it being in th Quadratures, we ſee but half the en- 


2. An Eclipſe of the Sun, is, when the Moon . 


ing between us and the Sun, the Shadow of the 


Moon is thrown on ſome Place of the Earth; but as 


the Moon is leſs than the Earth, and its Conic Sha- 
dow much leſs at the Diſtance that we are from it, 


the Shadow only runs over a ſmall Tratt of the Earth, 


the Inhabitants of which have a total Eclipſe; their 
| Neighbours have a partial one, becauſe to them the 


Moon only hides part of the "Sun's Body ; and all 
thoſe that are farther remov'd, have no Eclipſe 
bo | - 


Bach falls upon the Moon, and is ſeen by one half 
of the Earth at the ſame time, viz. that Hemi- 
ſphere which is turn'd from the Sun. If the Moon 
is all cover'd with the Shadow, it is a total Eclipſe; 


if not, a partial one: If it paſſes thro? the middle of 


the Shadow, the Eclipſe is Total and Central, and of 
the longeſt Duration. . 

4. The Reaſon why we have not Eclipſes every 
| New and Full Moon, is, that the Moon's Orbit be- 


ing 


The Moon 8 Eclipſe is, when the cladow of the 
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1 | 
ing variable, it is not always in the ſame Plane (or 
Level) with the Earth, at Full and New Moon, its 
Orbit dipping below, and riſing above the Ecliptic, 
or way of the Earth: But when the Nodes (or Places 
where the Moon's Orbit cuts the Plane of the Earth's 


Orbit) lie in a Line with the Sun and Earth, there 
1s then an Eclipſe, as alſo when the Moon 1s very 


near the Nodes; becauſe the Earth being of ſome 
Breadth, in reſpet of the Moon's Orbit, may re- 
ceive the Moon's Shadow, tho? it is not juſt in the 
Node: Likewiſe the Earth's Shadow, even at the 
diſtance of the Moon, being of a conſiderable 


_ breadth, will echpſe the Moon, when it is not in the 


Node ; but the Earth's Shadow there, being much 
ſmaller than the Earth it ſelf, is the reaſon why the 
Solar Eclipſes are more frequent than the Lunar, 
5. The Tides are owing to the Moon's and Sun's 


Attractions. 5 


The Moon by its Attraction, will cauſe the Wa- 


ter to riſe under it ſelf, and alſo at the oppoſite ſide 
of the Earth; becauſe at the ſide towards the Moon, 


the Water being nearer, is more attracted than the 
Center of the Earth; but on the other ſide, the 


Water being more diſtant, is leſs attracted than the 
Center of the Earth. So that the Water makes a 


Spheroid or Egg- form, whoſe longeſt Diameter 
tends to the Moon, The Sun by its attraction, does 
the ſame, only its great diſtance cauſes his Spheroid 
tobe ſhorter. When therefore, the Sun, Moon and 

Earth are in a Line, as at New and Full Moon; the 
Sun and Moon making their Spheroids in the ſame 
Line, we have Spring Tides; but when the Moon 


3 appears Halyv'd, or in Quadrature with the Sun, then 
the Directions of the Sun's and Moon's Forces being 


at right Angles to each other, the Sun raiſes the 
Water where the Moon depreſſes it; but not 
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longeſt Plain, or that which is fartheſt 
from the Perpendicular, As for Exam- 


| fame force at E, D and C, and alſo at B, 
when it falls down perpendicularly. 


in the Circle here drawn, they will from 
C, B, A, D and E, come to F at the 


1 
much as the Moon depreſſes it; ſo that tho' we ha ve 
ſome Tides, they are hut low or Neap Tides, 

6. By Mr. Graham's, the Clock-Maker's Plane- 
tary Machine, was ſhewn the Motion of the Barth 
and Moon about the Sun, and theirs and the Sun's 
Motion about their own Axes; as alſo the Inclina- 
tion of the Earth's Axis, always ae lame. ' ''- Þ 

N. B. The Moon turns about its Axis, juſt in the 


ſame time that it makes one Revolution about the Earth; 


whence it always ſhews the ſame Face to the Earth. This 


= has made ſome fafly 1 — that it * not turn a- 
To bout its Axis. 
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F a Body polls en ſeveral ine lin- d 


1 Places, whoſe loweſt Part are in the J 
N S ſame Level, it will have the ſame Ve- 


NR locity at the End of them all; tho? it 
will bo longer in falling along the 


If a Body falling along the Plane G H, be curned I 


up again, it wil} go as high up the | 
Plane H I, allowing for the reſiſtance {EE 


ple, a Body falling from A, will have the 


of the Air, and friction of the Plain. 


If a Body falls in the Lines deſcribd 


ume time. Hence 18 deduc'd the Rea- 
— 


C 133 
fon why a Pendulum makes all its Vibrations, whe; 
ther long or ſhort, nearly in the ſame time. In the 
Cycloid, the unequal Vibrations wou'd be exactly in 
the ſame time; which is not only Mathematically 
Demonſtrated, but deduc'd from a Conſideration of 
the Attraction of the Earth, being proportionable 


to its quantity of Matter, and a Corollary from it; 


by which it appears, that if ſeveral Bodies begun to 
fallat the ſame time, from the Surface of the Earth, 

or any Point. within the Earth, (ſuppoſing it pene- 
trable) they wou'd come to the Center at the ſame 
time- | | 
2. Pendulums of the ſame length, let the Ball 
be of Wood or Lead, &c. will make their Vibrati- 


ons in the ſame time; but the heavieſt Ball will | 


{ſwing longeſt. 

3. The longer a Pendulum is, the ſlower it vi- 
brates: A Pendulum of almoſt 40 Inches, makes a 
Vibration in a Second of Time, and one of: almoſt 


10 Inches, ſings twice in the ſame time, and ſo on; 
the Time of Swings of Pendulums being Recipro- 
cally, as the Square Roots of their Lengths. The 


Wire that the Pendulum in Clocks, bangs by, lenth- 
ens by Heat, and ſhortens by Cold, as was ſhewn 


by the Steel Bar, lengthen'd by Heat; ſo that the 


Pn of Clocks muſt be regulated by a Screw. 
Long Pendulum Clocks go beſt, becauſe he Pendu- 
lums deſcribing ſhort Arcs, with a long Radius, make 
Vibrations very little differing from Cycloidal ones; 


but at Sea ſuch Clocks cannot be uſeful, becauſe the 


Motion of the Ship will ſome times make the Pen- 


dulum ſwing too long Arcs, which will more devi- 
ate from a Cycloid, and ſo be leſs Regylar. | 
4+ The Waves of the Sea oſcillate in the ſame 

time that a Pendulum does, whoſe length is equal 
to half the Diſtance, between the top of one Wave, 


and tie top of the next, This was ſhewn byMercury 
D _ nbrating 


$5.92 


vibrating 1 in a recurved Tube, in the ſame time 
that a Pendulum of half the length of the Mercury 


did vibrate, 
_— follows ſeveral Phænomena of the Load-Stone. 
It will attract Iron with one Pole, and repell it 
with another, 
2. It gives a Needle a funny or a Tendeney to 
* and South, 
3. It is ſtrongeſt when arm'd with Steel Plates. 
4 Acts thro? any Body but Iron, 
Makes Steel-Duſt Toi it ſelf into Needle- 
like Figures, which turn over Head, as you turn 


different Poles of the Stone to them. 


6. Steel-duſt let fall upon a Paper, held over a 


_ Toad-ftone, places it ſelf in Lines, which ſhew the 


Direction of the Virtue propagated from one Pole to 


another. : 
7. Steel Bodies, by being drawn over the Poles 
of a Stone, acquire the Power of attracting Iron and 
Steel ; but loſe it, by being drawn over the lame Pole 


of the Stone the contrary way. 
8. It will, when unarm'd, give Power to a great 


5 Key, to draw away a little Key from the Stone it ſelf 


New Phanomena of it. 


1. A Wire touch'd at one End by a tout; Stone, 
will have ſeveral Magnetick Points ſucceſſively, 
calPd Conſequential Points; which will alternately be 


attracted by the North and South Pole, of a touch'd 
Needle. 


DEN" 
DIY » > 
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2. A Load-Stone has more > Magnetic Points or | 


Poles, than was imagin'd; but all the North Poles 


are on one fide, and all he South Poles on the o- 


ther ; ſo that arming the Stone with Steel Plates, 


colled; the Force of all the Points on one fide toge- : 


ther, and ſo adds to the Power of the Stone. 
3. The Upper End of a Steel Bar, attracts the 
Not th End of a Needle, and the lower end of it the 


South 


(::397) 
South End, let what end ſoever of the Bar be up- 
permoſt. 285 e 
4. The Variation is what the Direction of a touch d 
Needle differs from a North and South Direction; 
becauſe the Poles of the Earth are not the Magne- 
tic Poles of it, there being two of them near the 


North Pole, and two near the South Pole of the 

— ies LEN, eh. | 
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1. 8. Laſticity, or the Spring of Bodies, is 
4 1 08 5 Race by hich they reſtore 
ee 728 E A themſelves to their Figure, when it 
1 Nerd & has been alter'd by a Blow; and this 
r e properly, does not conſiſt ſo much in 
the Bodies yielding to the Stroke; but in its being 
perfectly reſtor'd, what ever alteration of Figure it 
C JJ. OS. 
2. The Stretch'd Cat-gut, which after a Stroke, 
rreturn'd to its Place with a Sound, ſhew'd what 
= Elaſticity is, and the more tingling the Sound is, the 
greater the Elaſticity, _ CO jo Jo. 
| 3. Glaſs is the moſt Elaftic of Bodies, as you may 
Know from its Sound, and by letting a Ball of Glaſs 
fall upon a flat Glaſs Painted over; for then that 
Glaſs Ball, being flatten'd in the Stroke, receives a 
Circular Spot of Paint, which is very large in pro- 
portion to the Spot which it wou'd have receiy'd, 
if the Ball had been only preſs'd againſt the flat 
Glaſs, „ „ 

4. If there was no Vacuum in Bodies, the Surface 
of a Glaſs-Ball cou'd never be dented in after the 
Manner above mention'd; and as there are void 
1 . D 2 e Places 


V 
Places in all Bodies, we can have no Body which is 
perfectly hard, or which is not dented by a Stroke; 


nevertheleſs, we may by Experiment ſhew, what 


are the Laws of the Congreſs of hard Bodies; for 
if we make uſe of Balls of very ſoft Clay, which 
cannot reſtore themſelves after they are dented by 


a Stroke, they will have the ſame Property in re- 
gard to their Congreſs, as Bodies perfectly hard; 


becauſe in the Congreſs of the Bodies, not to be dented 
at all, is the ſame as to be dented, and not reftor'd to 
the firſt Figure, which happens to Bodies perfectly 


Soft; upon which are made the following Experi- 


ments, which are true of all Bodies that have no 
Elaſticity, whether they be perfectly Hard, or per- 
—. ͤ d ie RT 
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F. If the Bodies A and B in all the four Figures, Hh 
are ſuppoſed to weigh equally, as for Example, four 


Pound each, it will happen, that if A has 8 Degrees 
of Velocity, and ſtrikes B which is at reſt, after 
the Blow A and B, will go together towards C, with 


half the Velocity of A, Fig. 1, where w denotes 


the 


Tar) 


the Weight of the Bodies, as it does alſo in all the 
other Figures. 


6. If Ahas 8 Degrees of Velocity, and B 45 af. | 
ter the Shock both Bodies will move towards C, 


with half the Sam of the YOON that is with 6 | 


Degrees, Fig. 2. 
J. If A moves towards c, with 20 Degrees of 
Velocity, and B towards A, with 8 Degrees of Ve- 
locity, both Bodies will go together towards C, 
where there is moſt Motion, with half the differ- 


ence of their Velocities, that 1s, with 6 Degrees of 


Velocity, Fig. 3. 
8. If Aand B meet each other with equal Velo- 


cities, they will loſe all their Motion aſter "nn 


Stroke, ſee Fig. 4. 
9. Laſtly, If the Bodies are unequal, 904 move 


towards the ſame Parts, you muſt add together their 


Quantity of Motion, which dividing by the Sum of 
the Weight of the Bodies, you will have the Velo- 


city, with which they will go on together after the 
Stroke: But if the two Bodies have contrary Motions, 
they will go after the Stroke, towards the way where 
there is moſt Motion; and ſubtracting the leaſt 
quantity of Motion from the Greateſt, divide the 
remainder by the Weight of both Bodies, and you 
will have their Velocity. 


10. If from the Center of a Galen, two E- 
laſtic Bodies of equal Weight hang by Threads, 
when you raiſe each of them up to an equal Number 
of Degrees from the Bottom, they will meet at the 


bottom, and return to the height from whence they 
came. By the Stroke they loſe all their Motion; 


but as they are dented in proportion to the Force of 


the Stroke, in reſtoring themſelves, they will drive 


each other back with the ſame Velocity, that they 


| had before the Stroke. 


11. By 


( 22 ) 

It; the ſame Principle, if an Elaſtic Body in 
Motion, "Arikes another Elaſtic Body equal to it, 
which is at reſt, the Firſt will remain at reſt in the 
Place of the Second, and the Second will go on with 
all the Velocity of che Firſt. 
1 1 £09 Braſtic Bodies ſtrike each other, ha- 

ving different Velocities, whether they meet, or o- 


vertake each other, they will — Veloci- 


ties at every Stroke. 


The latter Part of this Lecture was — the 


Strength of our Bodies, well applied. 
One Man with a ſtrong Girdle round him, a lit- 


tle below his Hips, (that is juſt reſting on the two 


Trochant ers of the Thigh- Bones) and fitting upon a 


Plane, riſing a little above the Horizon juſt at his | 


Feet, "which bear againſt a fix'd Vertical Plane, will 


be able to maintain his poſition againſt ten Men, or 


two Horſes, which pull him by means of a ſtron 


Rope fix'd to the Iron Hook of his Girdle; becauſe 
the Legs and Thighs lying in a right Line upon the 


Plane, the Horſes muſt draw at a very acute An- 
gle; and it has already been demonſtrated, that 


when a Power acts at a very acute Ange, it draws 


with great Difficulty, 
Dye other Experiments of Strength that were ſrewy, 
depend pon the ſame Principles, 
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x; 00486 Fluid is a Body that rial to any 


| Force Impreſs'd, and fo recedes moſt 
* A & from the Greateſt Preſſure, 
2. That a Fluid weighs in its own 
Element, was ſhewn by Water's weigh- 
ing in Water, and Air i in mw as appeared by Ex- 
periment. 
3. A Drop of Water, on a Table, preſs'd by the 
Finger, not only acts againſt the Table, and Fin- 
ger, but alſo ſpreads laterally every way: 
From theſe Propoſitions is deduced, 1ſt. That all 
the Parts of Fluids are heavy. 24ly, That the Up. 
per preſs upon the Lower. 34h), That the High- 
er the Fluid is, the more the bottom of the Veſſel 
is preſs'd with it. 4thly, That the Preflure of the 
Fluid, againſt any Part of the Side of the Veſſel, is 
according to the Height of the Fluid above that 
Part, 5thly, That all the Parts of an Homogene- 
ous Fluid are at reſt; each Part being as low as it 
can be. Gthh, That not only the upper Surface, 
but every Imaginary Surface, (or Surface ſuppoſed 
in any Part of a Veſſel) muſt be equally preſs'd in 
all its Parts; which makes the Upper Surface be al- 
ways level; becauſe otherwiſe an Imaginary Sur- 
face 


( 24 ) 
face in the Fluid, wou'd be unequally preſod; but 
the Parts more preſ'd than the reſt, muſt yield and 


Tink down, and the Parts leſs preſsd than the reſt, 


be forced upwards, 
4. One Body is Specifically heavier than another, 


when it has more ¶ Matter with the ſame Bulk, or as 


much Matter with a leſs Bulk. 
5. A Pillar of Water in a Tube, was ſultuined i in 


a Veſſel of Oil; but ſtood lower in «the Tube, 
than the Surface of the Oil; becauſe it preſs'd but 
juſt as much upon the Imaginary Surface, as the 
like Pillars of Oil round about it, being as much 
ſhorter than them, as Water is Specidcally heavier 
than Oil; if the Water was brought up to the Sur- 
face of the Oil, it wou'd ſink, ſome 2 coming 
out at the bottom of the Tube: Again, if the 
Tube was put down, fo as to fink the Water lower, 
below the above-ſaid Proportion, the Water wou'd 
riſe, and the Surface reſt at the firſt Place, In like 
manner, Pillars of Oil in Tubes, will ſtand 3 
than the Surface of the Water, in which they a 
 Immerſed, and rife, if the Tube be plunged Len 
but deſcend, (ſome Drops falling out at the bot- 
tom of it) if the Tube be raiſed, ſo as to make the 


Pillar of Oil too long in proportion to the Counter- 


poiſing Pillars of Water, that preſs on the Imagi- 
nary Surface, at the bottom of the Tube. 
6. By ſuch kind of Experiments, with Red Wa- 
ter in Tubes of various Shapes, it appeared, that 
Fluids preſs upwards, downwards, ſidewiſe, and in 


any Dire ion according to their Height. 


7. A Body Specifically heavier than Water, will 
fink in Water; becauſe where ever you put it, it 


weighs more than the Water, whoſe Room it takes 


up, and ſo the Surface immediately under it, being 
more preſs'd in that Part which ſhou'd ſuſtain the 
ſaid Body, than wed where elle, yields, and Jets it 


fall 
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fall thro': But a Body ſpecifically lighter than 


Water will riſe, becauſe it preſſes an Imaginary 
Surface lefs than the Water, in whoſe. Room it 1s 


ſubſtituted; and therefore muſt be forced upwards. 


8. A Piece of Lead ſwims in Water, by keeping 


the Water from preſſing upon the Lead, and plun- 

ging it near twelve times its Thickneſs under 
Water before you let it go; but it will fall down, 

_ when you raiſe the Veſſel to which it is apply'd, ſo 


as not to let the ſaid Lead be ſo deep under the Sur- 


face of the Water, as twelve times its thickneſs. 
The Rule to make any Metal ſwim in that manner, 


is, to plunge it ſo much deeper than its own thick- 


_ neſs under Water, as that Metal is ſpecifically hea» 


vier than Water, always keeping the Water from 


getting above it. As Gold muſt he above nineteen 
times its thickneſs under Water to ſwim, becauſe 


tis nineteen times heavier than Water, G o 
9. A Body ſpecifically lighter than a Fluid, may , 


be kept down at the bottom of a Fluid, if the bot- 
tom of the Veſſel be ſmooth, and the Body being 


likewiſe ſmooth, lies ſo cloſe to it, that none A the 
Fluid gets between; but if the leaſt paſſage be made 


for the Fluid, it will quickly inſinuate it ſelf be- 
teen the Body and the bottom of the Veſſel, and 


make the Body 7 riſe to the top of the Fluid: The 
Experiment <A ſhewn by a Piece of flat Glaſs lying 


tas ſmooth Bottom of a Jar of Mercury, 
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I, Body ſpecifically heavier chan Water, 
n loſe: of its Weight in Water, as much 
- as the Weight of an equal Bulk of 
Water; and what the heavy Body |: 
loſes, the Water gains; as appear d 
bythe Experiment of the Lead, weigh d firſt in Air, 
then in Water. 
2. The different ſpecifick Gravity of Fluids, may 
be known by weighing a piece of Lead (or any Body 
ſpecifically heayier than the ſaid Fluids) ſucceſſively 
In all of them ; that being lighteſt, in which 1 it loſes. 
moſt of its Weight. 
3. The ſpecifick Gravity of ſolid Bodies heavier 
than Water, may be found, by weighing them ſuc- 
ceſſively in Water : ; that being ſpecifically heavier, 
which loſes leaft of its weight in Water, Pure Gold 
loſes only a 19th part of its Weight in Water. 
N. B. On theſe Principles 11 re the Hydroftatical 
Balance. | 
44. If a Lump of Lead, and a Lump of Braſs, be 
equipcis d in Air, the Lead will preponderate, when 
they are both weiglr di in Water; and thus you may 
know a bad Guinea from a good one. 

5. As the Weight of a heavy Body in Air, to its 
of loſs Weight in Water; ſo is the ſpecifick Gravity 
of the Body, to the ſpecifick Gravity of the Water. 

6. A Body ſpecifically lighter than a Fluid, will 
ſwim a top; and in ſuch a Caſe, a Bulk of Water, 
equal to the immers'd Part of the Body, will weigh 
as much as the whole Body; which muſt needs be, 
otherwiſe the Imaginary Surface under the Body, 
wou'd not be equally preſs'd in all Parts. This was 
ſhewn by the Experiment of the douvle Cone 1 Wood 
weigh d E aint Ts 7. Bodies 
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J. Bodies that ſwim in Water, have their ſpeci- 
fick Gravity in reſpect to each other, as their Parts 


immers'd in the Water. 


8. A Body ſpecifically lighter than any Fluid ſinks 
deepeſt in the lighteſt Fluids; and hence it is, that 
the Hydrometer (or Water-poiſe ) ſhews the different 
ſpecifick Gravity of Fluids. 15 

9. A Body of the ſame ſpecifick Gravity as Wa- 


ter, will reſt in any place of a Veſſel of Water. 


10. The Preſſure of a Fluid, upon the bottom of 


any Veſſel, (be the top Wide or Narrow) is as much 


as the Weight of a Pillar of that Fluid, of the 
Height of the Fluid, and of the Bigneſs of the Baſe 
all the way ; which was ſhewn by ſeveral Experi- 
ments, eſpecially one, by which a Pint of Water in 
the Tube of the Water- Bellows, ſuſtain d the whole ; 
weight of a Man, 

If you blow into the ſaid Machine, your Breath 


will raiſe a Man ſtanding upon it; becauſe the Force 
of the Blaſt is encreas'd in proportion, as the Sur- 


face on which a Man ftands, 1s greater than the 
Hole which you blow in at; provided that Hole be 
not wider than the Section · of the Wind-Pipe. 

11. Water brought from a Reſervatory, will riſe 


as high in pipes, as the Surface of the Water in the 


Reſervatory ; but not ſo high in. Jettos, on account 


of the Reſiſtance of the Air, and Friction of the 


Ajutages. 
12. The lower you tap a veſſel, the further the 
Liquor will ſpout; becauſe the Preſſure being ac- 


cording to the Height, it is then forc'd out with the 


greateſt Velocity. 
But if/a Plane intercepts the ſpouting Liquor, a 


| Hole being made in the Veſſel, exactly in the middle, 


between the Surface of the Liquor and the ſaid plane, 


the Water will ſhout fartheſt from ſuch an Hole, 


Ez 13. If 


. - ug 4 


rent heights, the Expence of the Water will be as 


Surface of the Water above the Holes. 


e re cr cee 


ern 

1. HEN a Bubble of Glaſs, with the o- 
| N pen Mouth hanging downwards, is ſo |: 

; W * far fill'd with Water, as but juſt to 

+ AF vim at top of a long Glaſs Veſſel full 

| of Water, if you puſh it down to tze 
bottom of the Veſſel it will not riſe again; and if alf 


(hen at top) hinder'd the Atmoſphere from preſ- 
Ting any more Water into it; (to make it ſpecifi- 
cally heavier than Water, and fo ſink) yet when 
the Bubble was puſh'd to the bottom, the Atmo- 
ſphere, help'd by all the height of Water in the Veſ- 


room, ſo that the Water coming in, made the Bub- 


ger compreſs'd by the additional Weight of the Wa- 
ter in the Veſſel, expanded to its former tenour, and 


ſo foreing out the additional Water that was got into 
the Bubble, the Bubble was made ſpecifically lighter 
than the Water, and remain'd at top. As there was 

a certain height from which the Bubble wou'd 
emerge, beyond which it wou'd always fall; this 
Experiment is a farther Proof, that Water prefſes 


according to its Height. 


„ 
13. If equal Holes be made in a Veſſel, at diffe- 


the Square Roots of the different Heights of the 


terwards you lift it up to the top, it will not fink 
again; becauſe, tho' the Air that was in the Bubble 


ſel, compreſs d the Air within the Bubble into a leſs 


ble ſpecifically heavier than Water, and therefore 
it kept at bottom; but when the Bubble was brought 
to the top of the Water, the Air in it being no lon- 
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It is upon this Principle, that Glaſs Images riſe 
and fall in Water ; but with this Exception, that 


they are too light to be made ſpecifically heavier than 


Water, by the Weight of the Watef in the Veſſel 
only; and therefore a Bladder being tied over the 
Surface of the Water, the Hand which preſſes upon 
the Bladder, forces Water into the Images, and 
makes them fink ; but upon the Removal of that 
Preſſure, the Air in the Images forces out the Wa- 
ter by its expanſion, and they riſe again. 
2. In a recurv'd Tube, with the Holes upwards, 


one Inch of Mercury will keep in Equilibrio 14 
Inches of Water, as being 14 times heavier. 


3. That Water riſes in any Tube above its Level, 


as in ſuction by the Mouth, or by a Pump, is owing 
to the, Weight of the Atmoſphere, which preſſes 


more upon the Surface of the Water in all theother 


Parts, than in the Middle, where the Air is rarified, 


or taken away; as was ſhewn by a Sucking-Pump, 
N. B. In all Pumps, all the Valves or Clacks open up- 
wards, that the riſing Water may not fall back again. 
4. Taking the Air out of a Crane or Syphon, 
whoſe ſhorteſt Leg is in a Veſſel of Water; the 


Water will riſe, and continue to run out at the 
longeſt Leg; becauſe the Air which preſſes upon 


the Water in the Veſſel, and makes it riſe in the 
ſhort Leg, has leſs weight to ſuſtain, than the Air 
which acts upwards, againſt the Water running out 


at the longeſt Leg; and therefore, the firſt Air o- 
vercoming the laſt, makes the Water conſtantly 
run 5 8 1 


5. If a Bolt-Head full, or nearly full of Water, 


be inverted into a Glaſs of Wine, the Wine and Wa- 
ter will change Places; becauſe the Water is ſpecifi- 
cally heavier than the Wine 


6. Mercury will run from one Veſſel to another 


by a Syphon, as well as Water; but the Bend of the 
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Syphon muſt not be more than 31 Inches above tho 


Surface of the Mercury; as in Water-Syphons, the 
Bend muſt not be above 35 Feet above the Surface 
of the Water: For the Atmoſphere, which cauſes 


the Fluid to riſe, can ſuſtain no more than 31 Inches 


of Mercury, and 35 Feet of Water in height at 


moſt. So the Water in Sucking-Pumps, can riſe no 
higher than 35 Feet ſtrictly ſpeaking; tho' in 
Practiſe it is ſeldom ſuck'd above 28. 7 


This ſhews, that in Suction there is no ſuch thing as 
Nature's abhorrence of a Vacuum, to cauſe the A. 
cent of Liquors. hs ; 
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LE TURE XII. 


cited by Fire, is made uſe of to raiſe 


15 285-42, HE Steam or Vapour of Water ex- 
e Water in Captain Saverys Hydraulick 


ee 1 . 
N Eugine, in the following manner. 


By opening a Cock, throw the Steam 


of the Water boiling in the Globular Copper or 
Aolipile, into the Receiver or ſucking Veſſel, which 


will drive the Air out of it, thro' the Valve in the 
Pipe of Conduct: then having ſhut the aforeſaid Cock; 
by a ſmall Cock in a little Pipe from a Ciſtern of cold 
Water, let in a jet of cold Water into the Receiver 
to cool it, and condenſe the Steam, which being 
turn'd into a ſmall quantity of Water, leaves all the 


reſt of the Receiver quite empty ; ſo that the 


Atmoſphere eaſily forces up the Water into it, 


thro'the Valve of the fucking Pipe. Shut the Jet, and 


let in the Steam to drive up the Water, then ſtopping 
theSteam, condenſe it by the Jet ,and the Atmoſphere 


will 
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will puſh up the Water from the Well below, as 


before in the Receiver, which may again be driven 
up by the Steam, &c. — Two Receivers may be. 
work'd in the ſame manner. Bus 

2. Air is a Fluid conſiſting of Parts that drive 


each other away from their reſpective Centers; be- 
cauſe it has been found by Experiments, that its 
Denſity is equal to its Compreſſion, and Sir F. New- 
ton has demonſtrated, that ſuch a Fluid muſt con- 

ſiſt of Parts that have a Centrifugal Force. ©: 


3. The Air near the Earth, is in a compreſs'd 
State, by reaſon of the great Weight of the Air 
above it; the Atmoſphere is no highter ſenſible, 
than about 45 Miles, as is ſhewn by conſidering 
how high the Mercury muſt ſtand in the Barome- 


ter, at different heights above the Surface of the 
4. The Air always endeavours to continue of the 
ſame Tenour; if it be any where condens'd, or rarified 


in one Place, when left to it ſelf it will return to its 


former denſity, It is on this Principle, that Artifi- 
cial Fountains are filPd and play. As for Example, 
let the Glaſs Bottle in this Figure have 'a Tube 
cemented to its Mouth, ſo as to have no pa 


ſage left for the Air into che Ball, or out of it, but thro? 


the Holes at its Ends à and b: If you ſuck at a, fo 
as to rarifie the Air in the Ball, and having ftopp'd 
2 with your Finger, you immerge that Part of the 
Tube under Water, the Water by the preſſure of 


the Atmoſphere will riſe into the Ball thro' the 
Tube, till the Air that was left in the Ball is con- 
dens d to its firſt Ten our: Then if you blow hard 
into the Ball thro* a, the Air which you condenſe 


into the upper Part of the Ball, having no way to 
come out directly, will dilate it ſelf, till it comes 


d its firſt Tenour, and in ſo doing, force the Water 


out in a Jet, in proportion to the room that it ex- 


pands it ſelf into, | F. Al! 


nin the Lungs, which is of the ſame Tenour as 


C32) 

5. All Fountains, into which the Air or Water | 

is injected by a Syringe, which ſpout 30 or 40 Foot 
high, are actuated by this Principle. = 
6. The Pr ping Lungs, made of a hollow Glaſs ? 

| Hemiſphere and two Bladders, ſhew'd the manner of 
| Breathing ; for as the Air in the Cavity of the Tho- 
rar, betwixt the Lungs, and the Pleura is expanded, 
and ſo rarified, when that Cavity is encreas'd by the 
raiſing of the Ribs, and finking of the Diaphragm, 
the external Air will ruſh into the Lungs, and raiſe 
them up, till they contract the enlarg'd Cavity of 
the Thorax, 3 as to render the Air in it of the 
ſame tenour as before, and this is call'd Inſpiration. 
Expiration is thus perform'd ; by the Muſcles of the #* 
Belly, the Inteſtines are rais d up, ſo as to make tlde 
Diaphragm come upwards, by puſhing up againſt it;: 
then the Ribs alſo ſubſiding, the Air in the Thorax is 
_ condens'd, and fo being made ſtronger than the Air 


(and communicates) with the external Air, the 
Lungs are depreſs d, and made to diſcharge their 
Air, *till the Air in the Thorax has expanded to its 

_ firſt Tenour, 
J. Upon this principle are 3 Hero's Fountains, 


as the Fountain of Command; the Fountain by Attracti- | 


on; the Fountain by the Compreſſ on of Air, by the Fall 


of Water, to imitate a perpetual Motion, &c. 


8. If a Cupping-Glaſs be held over the Flame of 

a Lamp, then immediately apply'd to any part of 
the Body, ſo as to touch the Skin in all Parts of the 
Mouth of the Glaſs, the Fleſh will riſe within the 


_ Glaſs; becauſe the rarified Air in the Glaſs, having 


leſs Force than the Spring of the Air in the Fleſh, 
muſt ſuffer the Fleſh to riſe by the Expanſion of 
the Air within it, 

For this Reaſon, when you have thrown a flaming 
piece of Paper in a Glaſs Jar, if you immediately 
invert 


C<Y3 


invert it in a Baſon of Water, upon the going out of 
the Fire, which made the Air in the Jar continue 
in a ſtate of Rarefaction, the Atmoſphere will force 
up the Water into the Jar, 'till the Air is reduc'd 
into ſuch a ſmall Space, as to become of its firſt 
Denſity or Tenour, , 


Water will not run out of an inverted ſmall Tube: 


or out of a narrow Mouth-Bottle, becauſe the Air 
acts upwards againſt it, without being able to ſlip. 
by the fide of the Water, to get to the top of the 
Water to preſs it down, „ 
9. If to the Blank Screw, with which you ſhut 
up the Hole of a very tight Syringe, whoſe Bore 
is equal to a Square Inch, you hang a Scale with ſo 
much weight in it, that the whole amounts to 14 
Pounds and an Ounce, Averdupoiſe, the Weight of 
the Atmoſphere, that keeps the Piſton cloſe to the 
bottom of the Syringe, will hinder that Weight 
from drawing them aſunder, when the Mercury in 


the Barometer ſtands at 28 Inches; but a little more 


Weight will bring down the Syringe from the Piſton: 
If the Mercury ſtands at 31 Inches, the Syringe 
will not be drawn down with leſs than 15 Pounds 
and 11 Ounces, and a little more. 

From this Experiment may be known, what 
weight of Air preſſes upon a Surface, equal to a 
Square Inch, at any height of the Barometer, or 
ſtate of the Atmoſphere ; and the Syringe it ſelf, in 
this Caſe, becomes a Barometer. _ „ 
10. If we know how much Surface a Man's Body 
has, we may know how much Air preſſes upon our 
Bodies at any time; as for Example: Suppoſe a 
Man's Skin has 15 ſquare Feet of Surface; then 
ſince 15 Pounds and 11 Ounces preſſes upon an Inch, 
if that be multiplied firſt by 144, the Inches in a 
Square Foot, then by 15, the Feet contain'd in the 
Skin, we ſhall have 33905 Pound and a half, for 
= =" IP — 


( 34 ) 
the Air preffing upon the Body, when the Mer- 


cury ſtands at 31 Inches, or when the Air is heavi- 


* and if 14 Pounds and an Ounce be multiplied 
by the above - ſaid Numbers, we ſhall have 306 24 
- Pounds, or the Weight of the Air upon the Body, 
when the Mercury ſtands at 8 or the Air 
is lighteſt. 
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LEecTURE XIII. 


. e K beſt Method of Diving is by che 


Ws T 8 Bell, which is a Wooden Machine, 


ſhap 5d like a Bell, and hung at the 


BBW 3 with heavy weights of Lead 
mM to make it fink; the Air in it keeps 
out the Water, fo that Men that ſit in it, may be 


let down to the bottom of the Sea without danger; 
but as the Air in the Bell is compreſsd by the Wa- 
ter in proportion to the Height of the Water above 
the Bell, the Water will riſe in the bottom of the 
Bell in that proportion; ſo that at the depth of ſix Fa- 


thom, the Air being condens'd into half the Space 
which it had at firſt, will ſuffer the Water to fill 


Half the Bell; at the depth of twelve Fathom, two 


Thirds of the Bell, &c. So that at great depths ; 


there wou'd be bat little room in the Bell; but 
Dr. Halley found a Means to take in Air let down in 

Barrels, which had a Contrivance to let the Water 
| Jato the Barrel at bottom, whilſt the Air of the Bar- 


rel went into the Bell, and this being often repeated 


at any depth, the Water of the Sea wou'd be hin- 


der'd from coming above an Inch or two in the bottom 


of the Bel! : But as Air often breath'd will be effoete, 
and unfit for reſpiration, he found a means to let out 


that 


* 
i N 


* 
5 fo 
5 


(350 5 
that Air by a Cock at the top of the Bell, changing 


it for the freſher Air, which he took in at bottom 
from the Barrels, and that was done without diffi- 


culty, becauſe when Air has been rarified by paſſing 
thro' the Lungs, it will by its lightneſs get to the 
top of the Bell. As for the coming in of the Wa- 


ter, it cou'd only be at bottom, whilſt ſome Air was 


let out at top; becauſe the Pillars of Water puſhing 
in at the bottom of the Bell, were longer, and con- 


ſequently heavier than the Pillar preſſing upon the 


Top, where the Air came out thro' ſo narrow a Paſ- 
ſage, that the Water cou'd not ſlip by at the ſame 
time, Another thing to be taken care of is, not to 
be let down ſuddenly to any great Depth, becauſe 


the Air in our Fleſh, being only a Balance for the 
common Air, wou'd not. be able to ſuſtain the en- 
_ creas'd Preſſure ; but if a Man be let down by de- 
grees, he will breath the compreſs'd Air, en! 


cir- 
culating with the Blood, will enable the Body to 


ſuſtain the great Preſſure at the bottom of the Sea, 
as eaſily as we ſuſtain the Weight of the Atmoſphere 


above ground; to keep this Bal lance of the Air with- 
in, and the Air without, care muſt alſo be taken, 
that the Bell be not pulld up from a great Depth 


| ſuddenly to the top of the Water. See Dr. Halles 
own account of it, in the Phil. Tranſactions, Num. 349. 


2. From the Preſſure of Water, encreaſing in 


proportion to its depth, it is evident, that ſuch Di- 


vers as breathe the Air from above the Water, by a 


Pipe fix'd at the top of the Armour over their Heads, 


cannot go down to great depths, ſince they breath 


only an Air, whoſe ſpring in their Fleſh is but able 
to ſuſtain the common weight of the Atmoſphere, 


3. Weather-Glaſſes are Inſtruments made uſe of to 


determine the State of the Air at any time. Its 
weight is determin'd by the Barometer; its Heat or 


= Cold 


CE). 
Cold by the Thermometer, and its Moiſture and Dry- 


* by "ths Hygrometer. 
. To make the Barometer fil a Glaſs Tube of 


5 about a quarter of an Inch Diameter, three Foot 


and a half long, and hermetically ſeabd at one 
end, (that is clos'd with the Glaſs it ſelf melted ) 
and having filfd it with very fine Mercury, and got 
the Bubbles of Air out from the Mercury in the 
Tube, hold your Finger herd upon the open end, 
and having inverted the Tube thus filld, into a Glaſs 
Ciſtern of Mercury, ſo that your Finger that ſtops 
the Tube may be under the Surface of the ſtagnant 
Mercury, then taking away your Finger, the Mer- 
cury will fall from the top of the Tube, and reft 
at the Height of between 28 and 31 Inches above 
the Surface of the Mercury in the Ciſtern; it will 
| Rand higheſt when the Air is heavieſt, and loweſt 
when the Air is lighteſt, The Height of the Mer- 
cury in the Tube will be the ſame, whether the 
Tube be upright or inclin'd, large or ſmall ; becauſe 
all Fluids preſs according to their Height. If there- 
fore, Degrees are mark'd upon the Frame of the 
Barometer, great care muſt be taken, that the Ba- 
rometer be ſuſpended perpendicularly; _ 
J. The Reaſon why, when the Mercury in the 
Barometer ſtands high, it 1s fair Weather, 1s, that 
upon an additional quantity, or accumulation of Air 
over any Place, the lower Air being more com- 
preſs'd, becomes ſpecrically heavier than before, 
and the Clouds which ſwam in it, being made by that 
means, ſpecifically lighter than the Medium in which 
they are, muſt riſe till they come to an Air of the 
ſame tenour with thetnſelves. This happens either 

when two contrary Winds blow towards any Place, 
or one Wind is check'd by a Ridge of Mountains, ſo * 
as to make an Accumulation of Air over eh Pla ce 

where the Barometer bs, 

6. When 


"+ 7 

6. When contrary Winds blow from the ſame 
Place, the Air at top being carried away, preſſes leſs 
upon the lower Air than before, and the Clouds de- 
ſcend to come into an Air of the ſame ſpecifick Gra- 
vity : Now if this change of Gravity be conſidera- 
ble, the Clouds will fall quick, and by the reſiſtance 


of the Air, be condens'd into Rain; and thus the 


deſcent of the Mercury in the Barometer, ſhewing 
the diminiſh'd Weight of the Atmoſphere, which 

is the Cauſe of Rain, foretells foul Weather 
J. In Storms the Mercury falls, as was ſhewn by the 


Artificial Wind made to blow over the Ciſtern of a 


Barometer. The Experiment calłd Monſieur 
Auzout's, with a double Barometer and two Ci- 
_ Kerns, plainly ſhews, that the Mercury in the Ba- 
rometer, is only ſuſtain'd by the Air: It is alſo 
plain, from the Barometer's being put into a Re. 
ceiver upon the Air-Pump; for when you draw out 
all the Air, the Mercury in the Tube comes quite 
down, and riſes again to its uſual height, upon the 
TCC 
8. The Thermometer is made of a Glaſs Tube, 


with a hollow Ball at one end of it, and the other | 


hermetically ſeal'd, with Spirit of Wine in the Ball 
and part of the Tube, the reſt of the Tube having 
no Air in it; ſo that the Spirit of Wine may with- 
out hindrance, be rarified by Heat, and condens'd | 
by Cold, which will appear by its riſing or ſinking 
in the Tube, | wy . 

9. Air- Thermometers are Tubes with Balls at 
top, and open at bottom, which having the Tube 
half full of Water, ting'd with ſomething to colour 
it, ſtand in a Ciſtern of the ſame Liquor, that riſes 
and falls in the Tube, according to the rarefaction, 
or condenſation of the Air in the Ball; but ſuch 
Machines are not juſt Thermometers, becauſe as 
they have a Communication with the outward Air, 


they 


(3). 
they muſt be affected with its encreas'd or diminiſh'd 
Gravity, which will cauſe the Liquor ſometimes to 
riſe or fall more than it ſhou'd do, and ſometimes 
not enough : But as this Error is owing to no other 
_ Cauſe, than the Alteration of the Air's Gravity; 
from this kind of Thermometer, and the Spirit- 
Thermometer compar'd together, we may at any 
time know the Gravity of the Air, as well as by the 
Mercurial Barometer, for the difference of the riſe 
or fall of the Liquor in the two Thermometers com- 
par'd, will always be proportionable to it. Upon 
this Principle, was invented an Inftrument, made 
by the Combination of theſe two Therometers, 
calfd a Marine-Barometer, which is uſed at Sea . 
becauſe the ſhake of the Ship, which gives ſuch Vi- 
brations to the Mercury in the common Barometer, 
as to render it uſeleſs, cannot affect this. 


10. The Hygrometer meaſures the Moiſture and = 


Dryneſs of the Weather, and is made ſeveral ways. 

Take a twiſted ſmal] Cord, and hang it looſly upon 
two Nails, ſo that it makes a Curve, and by a Gra- 
duated Perpendicular, find how much the String 

riſes as it ſhortens by moiſture, or ſinks as it length- - 
ens by dryneſs. A Beard of a Wild Oat will twiſt 
and untwiſl by Dryneſs and Moiſture, fo that an In- 
dex being fix'd to it, will render it a good Hygrome- 
ter. N. B. For the moſt part Animal Subſtances, as 
Parchment, Leather, &c. ſhorten in ary Weather, and 
lengthen i in wet Weather, 55 
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LzcTtTureE XIV. 
I, 2525 N72 HAT the Spring of the Air is =*Y 
$3} REG to its Weight, is ſhewn by the Ex- 
25 TS periment of the Mercury rais d. in 
the open Tube ſcrew'd into a Bottle, 
when by exhauſting the Air-Pump- 
Receiver, the Spring of the Air in the Bottle, forc'd 
up the Mercury from the bottom of the Bottle into 
the Tube, to as great a height as it ſtands in the 1 
Barometer. 0 
The other Experiments upon the Air-Pump, 1 [| 
(which are deſcrib'd at large in the little Book writ- } +,-- 8 
ten by the maker of the Pump, that gives * 70 "i 
2 of it) ſhew, - 1 
1ſt, That there 1 18 Air 3 in our Fleſh and 3 in all Li- — IB 
uors. 
ah, That the Air near the Earth i is capable of a 
very great Expanſion, 5 
3dly, That Air is the vehicle of Sound, the Sound Y 
ceaſing where there is no Air. 
4thly, That Air is the Food of common Fire. 
$thly, That Phoſphorus and Electrical Light, is 
help'd by the N of the Air. | 
Sthly, That Air is not neceſſary for the Aſcent of 
Lie} in ſmall Tubes. 
7thly, That the Reſiſtance of the Air is the cauſe 
of the Exploſion of Gun-Powder, which only fires | 
Corn by Corn, in a Vacuum. 
8thly, That what was attributed to Nature s Ab- 
horrence of a Vacuum, is only owing to the Airs I 
Preſſure; a Syringe not ſucking up Liquors in Yacww, Ii 
and Exhauſted Hemiſpheres, or Poliſh'd Plates of i 
Marble (which ftuck together in the open Air) drop- = 
e aſunder: in Vacu. | 
| : | gthly, | 
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f ( 40 ) 
othly, That Air becomes poiſonous in paſſing thro? 
the Flame of Charcoal or Spirit of Wine, and thro” 
red hot Braſs; but not thro' red hot Iron or 
Copper: 

rothly, That Heat and Cold will be communi- 
cated to Bodies in a Vacuum, 


11thly, That Square Glaſs Bottles are not able to 
ſuſtain the Air's Preſſure, tho? round Glaſſes are; 
becauſe the Corners of Square Bottles, being ſtronger 


than the other Parts, the Air's Preflure is leſs re- 


| fiſted by the Sides, which have only their mutual 


coherence to hold by ; whereas in a round Glaſs, all 


the Parts, as in an Arch, ſuſtain one another, and the 
Preſſure upon them is uniform, 
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. . IR Condens'd will expand it ſelf with 


the ſame Force with which it was com- 


preſs'd, and in fo doing, it will drive 


NN a Body ſtrongly, as in the Caſe oi the 
Wind- Gun, which will throw a Bullet 
he? an Inch Board. 


212. When the Air is drawn Go between two He- 
miſpheres of three Inches and a half Diameter, it 


requires a Force equal to 140 Pounds, to draw them 


aſunder. Now if the ſaid Hemiſpheres, without 
drawing the Air from between them, be put toge- 
ther in the condenſing Glaſs, upon injecting ſo muck 
Air, as to double the Denſity of the Air in the 
Glaſs, (as may be known by the included Gage) it 
will require the ſame weight of 140 Pounds to 
draw them aſunder, which ſhews, that no Imaginary 
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Power of Suction, but the Preſſure of the Air keeps 
the Hemiſphere together. If the Hemiſphere 
be exhauſted before they are put into the Condenfing 
Glaſs, when by injection the Air in the Glaſs is dou- 
bled in denſity, a Weight of 280 Pounds will be re- 
uired to draw them aſunder. So that it appears, 
at doubled Air has the ſame advantage over ſmgle 
Air, as ſingle Air has over a Vacuum. = 
3. Phoſphorus will be put out by injecting Air 
upon it; the Vibrations of its Parts, (which throw -- 
off luminous Efluvia) not being able to overcome 
the additional Preſſure of the Air; much leſs Air 


than what doubles its denſity will produce this Ef- 

felt, and exhauſting the Glaſs will add to the bright: 
neſs of the Light. 5 8 TR. 
| 4. In the Braſs condenſing Engine, a Bell will _ 


ſound louder, by condenſing the Air about it, and 
a round Bottle will be broken by the injected Air, 
tho it will bear being exhauſted by the Air-Pump. 


| Few Animals will die in this Engine, becauſe the 
Air being injected by degrees, they breath the Air 


as it is condens'd, and it circulates with their Blood, 
ſo as to enable the Animal to ſuftain the encreas'd 
Preſſure. Ss ho N 
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Pact e, (how thin ſoever, if not Uf enz which 


HAT Light is a Body, appears from 
its Reflection, Refraction, Compoſition, 


ſhews, that it cannot be an Action upon the Medium, 
hich wou'd be communicated beyond an Obſtacle, | 


as in the caſe of Sound. 


2, Lucid Bodies emit Light, tranſparent Bodies 
el, alſo the Medium) tranſmit it, and opaque | 


Bodies reflect it. 


3. Since an opaque Body reflects Light, ſo as to 
ſend it from all its Points every way, as a lucid |} 
Body does, (tho' not ſo copiouſly) it may be calld 
a Radiant, as well as a lucid Object, and projects its 


Image in the Eye in the ſame manner. 


4. Every Surface has the Images of all Objects, 


chat ein ſend Rays to it, painted upon it; but the 
Mixture of them all, hinders us from diſtinguiſh 


ing any one. To prove this, if you hold a Paper 
over-againſt the Hole of a dark Room, the external 


Objects will paint their Images upon it ſo that they 


will be ſeen diſtinctly, becauſe by darkning the Room, 


vou cut off all the Rays which wou'd come from 
the Objedts on the ſides to make a Confuſion, 


5- The 


Diviſion, and moving in Time; but e- 
ſpecially from its being propagated in 
right Lines, and being fopp'd by an Ob- 


EEE 4 ©” 

F. The Pupil of the Eye, is inſtead of the Hole 
of the dark Window, to hinder a Confuſion, by 
the reception of too many Rays. 5 
6. When, of thoſe Rays, which diverge from one 
Point, thoſe that fall upon a double convex Glaſs, 
or any tranſparent Body of the ſame kind and figure, 
will after paſſing the Glaſs, be refracted fo as to meet 
in a Point on the other fide of the Glaſs, and make 
two Cones of Rays, whoſe Baſes joyn at the Glaſs, 
Such a Parcel of Rays is calÞd a Pencil of Rays. 
7. If diverging Rays fall upon a concave Look- 
ing-Glaſs, they will be reflected ſo as to meet on the 
ſame ſide of the Glaſs, and the reflected Cone will 
either coincide with the other, or elſe meet nearer 

to the Glaſs, or farther from it than the Point of 

| 3 We ſhall alſo call this a Pencil of 
8. In Careptrics, or Viſion by Reflection, there is 
only one Principle, which if well underſtood, and 


conſider'd in all its Caſes, comprehends the whole 


1 


Doctrine; and that is, That the Angle of Incidence is — 


8 7. 
3 i 
i „ 
/ 15 


equal to that of Reflection; by which is meant 3 = 


Angle made by the incident Ray and a Line per- /. 
pendicular to the reflecting Surface falling upon it at 
the point of Incidence, and the Angle made by the 
reflected Ray and the ſaid Perpendicular, 1 
9. When diverging Rays fall upon the Eye, ſo 
as to paint the Image of any Point of an Object; if 
by Thought you produce back thoſe Rays till they | 
meet in a Point, that Point will be the Place where 


| the above-ſaid Point of the Object is ſeen, whether 


that be the real Place of the Object or no. Hence 
it is, that an Object appears to be behind a Looking- 
Glaſs, tho it really is before it; becauſe the Rays, 
after reflection, fall upon the Eye in the ſame man- 
ner, as if they came directly from a Point bee 3 


7 | 8 
S „„ f * 
D ON © <f 0 
o £ 6s p 7 
1 8 - » or 
« CLAD 


1 


* * 


eee - & 4 
the Glaſs, The Point where the Rays meet is call 
the Focus of thoſe Rays. | 


10, The ſame poſition that an Object has in re- 


ſpett of a Mirrour or Looking-Glaſs, the ſame has 


its Image. 3 
11. An Image (as if it was an Object) will pro- 
ject another Image of it ſelf; whence we ſee a great 


Number of Images of one Candle, reflected back- 


wards and forwards, by means of two Mirrours. 
One Candle will alſo give a row of Images, by means 
of one Mirrour, when you look Obliquely; the 
two Surfaces of the Glaſs performing the Office of 
two Mirrours. „ = 
12. Ina Convex-Mirrour, the Obje ſeen by Re- 
flection, appears ſmaller, and nearer behind the 


Glaſs; becauſe after Reflection, the Rays diverge 


more than from a plain Mirrour ; ſo that the Focus 
of every Parcel of refleted Rays, which came from 
every Point of the Object, is nearer to the Glaſs be- 
hind it, and therefore all thoſe Foci are nearer to 
each other, and conſequently an Object thus ſeen, 


appears leſs. 


13. In a Concave-Mirrour, the reflected Rays 
| diverge leſs than they wou'd from a plane one; 


therefore the Object appears magnified, and farther 
behind the Glaſs. Eo Woes 


Hence may it be known at any time, whether Po- 2 
liſh'd Metal or Glaſs be truly flat, hy obſerving whe- 
ther the Image of the Face, ſeen by Reflection, is 


neither magnified nor diminiſh'd : So by obſerving 


the Image from the two Convex Surfaces of a Lens, 


ou may know which ſide is moſt convex, by its re- 


flecting a leſs Image than the other, 
14. If Parallel Rays (as for Example, the Sun's 
Rays) fall upon a Concave Mirrour, after Reflection, 
they will meet before the Glaſs, at the diftance of 
half a Semidiameter of its Concavity, and there burn 
| #-..3 | any 
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any Body held in that Place, which is call'd the 
5: of Parallel Rays ; or ſimply the Focus of the 


Glaſs. 


15. Hence it follows, that if an Object be held 


in the Focus of the Glaſs, its Rays, after Reflection, 


will go parallel, and ſo project no Image of the Ob- 


jet: But if the Object be held nearer than the Cen- 
ter of the Convexity of the Glaſs, and not ſo near 


as its Focus, there will be an Image in the Air, 
further from the Glaſs than its Center, and bigger 
than the Object, as may be ſeen by receiving it up- 


on a Sheet of white Paper; but if the Object be held 


in the Place of the Image, the Image will be pro- 
jected in the Place where the Object was, and be 
leſs than the Object, and in both Caſes inverted, 


| becauſe the Rays croſs at the Center of the Glaſs, 


16. A Poliſh'd Cylinder will make a Picture, op- 


tically deform'd, to appear in true Proportion, when | 
_ Reflection from it. The Picture is made only 


this Principle, that the _—_ of Incidence is e- 
qua to that of Refiettion, 
A ſhort Candle ſtanding in a hollow Poliſhd G 


linder; will appear rais'd up by Reflection, upon the 
above-ſaid Principle. 


17. A Convex Lens reflects two Images ; an erect 


one from the Convex Surface towards you, and an 


Inverted one from the Surface on the other ide ; ; 


| becauſe it is concave towards you. 


18. The Reaſon why a Picture is a Repreſentation 


of an Object, is, becauſe the Paint is laid on in ſuch 
manner, that the Light which falls upon it, will 


after Reflection enter the Eye, juſt as if it was re- 
flected from the real Objects, ſuppos'd behind =o 


Picture, imagin'd to be tranſparent. 
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HEN a Ray of Light goes out of one 
Medium into another, ſo as to come 
obliquely againſt the Surface of the 
Second Medium, it is at its entrance 
into it, turn'd out of its way, ſo as to 

go on in another right Line, than that in which it 

mov'd before. And this 1 is call'd the RefratFion 


_ of a Ray of Light. 


2. If a Ray of Light goes out of a rare Medium 
into a denſer, it is refract ed towards the Perpendicu- 


+ lar; if from a denſe into a rare Medium, it is re- 
fracted from the Perpendicular. 


The Phyſical Cauſe of the Refraction, is the 


Greater or Leſs Attraction of the new Medium; as for 
Example, when the Refraction is made towards the 
Perpendicular, in the Caſe of a Ray of Light going 
obliquely out of Air into Glaſs, juſt as the Ray en- 
ters the Glaſs, it is ated upon by two Forces, viz. 
The Motion that it has already in the Direction 
with which it comes upon the Glaſs, and the At- 


traction of the Glaſs, which acts upon it, along a 


Perpendicular, to the Surface of the Glaſs at the 
Paint of Incidence; and therefore, by the Laws of 


Mechanics, that Ray muſt move in the Diagonal of 
the parallelogram, whoſe Sides repreſent thoſe two 

Forces, which conſequently is nearer the Perpendi- 
cular : And as that Diagonal is deſcribed in the ſame 
time, as either of the Sides wou'd be deſcrib'd by 
either of the Forces alone, a Ray of light moves 
faſter in a denſe Medium, than in a rare, in the ſame 


proportion that the Angle of Refraction is leſs than 


the Angle of Incidence. On the contrary, when a 
Ray of Light comes out of a denſer Medium into a 
rare, 


on RR TFT. 3 
mare, as out of #Glaſ into Air, it is retarded as it 
comes out of the Glaſs, becauſe the Attraction of 
the Glaſs draws counter to the direction of the Ray 

and ſo both turns it from the Perpendicular, and 
retards its Motion. When the Objett and its Image 
are of equal bigneſs, they are alſo equally diftant 


foll 
'of a 


1 by 
the firſt Priſm; but being attracted by the Second, 
paſs thro? it, and that only in the Place where the 
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two Priſms touch, becauſe that kind of Attraction is 


inſenſible, unleſs at a very ſmall diſtance. 


4. The Experiment of the Piece of Money, 


which in the Baſon of Water appear'd about one 


fourth part higher than it was, hew'd what Re- 
fraktion is, and that out of Water into Air, the 


Refraction is made from the Perpendicular. 
5. It appear'd by Experiment, that when Light 


paſſes obliquely thro' Plates of Glaſs, whoſe Sur 
faces are parallel, the Refraction of the Ray of 


Light going into the Glaſs, is ſo taken off by the 


Refraction of the Ray going out of the Glaſs, that 
the Object ſeems not out of its Place, when view'd 
obliquely thro? ſuch a Plate, when its thickneſs is 
inconſiderable, as in common Window-Glaſs ; but 
it appears a little remov'd, tho? not alter'd in Shape, 
youu the Plate of Glaſs is of a conſiderable thick- 
Neils. 5 5 | | 
5. An Object view'd thro? a Piece of Glaſs, whoſe 
Surfaces are not parallel, is never ſeen in its true 

| place, as appear'd by the Priſm, which makes the 
Objects appear conſiderably higher or lower than 
they are, according as the refracting Angle of the 


Priſm is held, upwards or downwards. 


The Colours ſeen thro* the Priſm, are owing to 


the different refrangibility of the Rays, which will 


be explain'd in another Lecture. 
7. Ae Mutiplying-Glaſs ſhews the Object in ſeve- 
ral Places at once, by reaſon of the different Incli- 


nation of the ſeveral plane Surfaces on one ſide of 


the Glaſs, to the ſingle flat Surface which makes 
the other Side, none being parallel to it, but the 
Middle one, thro' which the Object always appears 
in its proper Place. The Object is multiplied in pro- 
portion to the Number of the Planes, and the Eye 
muſt be plac d where the Rays of Light which comę 


from the Object meet by the Refraction of the 
+ e N ſeveral 
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ſeveral Planes, after they have paſi'd the Glaſs, 


That Point may be call'd the Focus of the Multiply= 


ing-Glaſs; and if the Object be but one lucid Point, 


the Rays from the Object to the Glaſs, and from 
the Glaſs to the Eye, will be a Pencil of Rays. 
8. If we look upon a Plano-Convex Lens, as a 


Multiplying-Glaſs, whoſe Convexity is made up of 


an infinite Number of infinitely ſmall Flats, a Can- 
dle ſeen thro it muſt appear in an infinite Number 


of Places; that is, muſt fill the whole Glaſs, which 


is juſt the Caſe when you look at the Candle, from 


the Focus of the Rays, which meet on the other 


ſide of the Glaſs. A double Convex Lens, may be 
thus compar'd. to a double Multiplying-Glaſs. _ 
9. If an Object be at a vaſt diſtance from a Con- 
vex Lens, or a diſtance very great in proportion to 


the Radius of the Convexity of the Glaſs, the Image 


of that Object will be projected in the Focus of the 


Glaſs, which is call'd its Focus of Parallel Rays. If 


the Glaſs be expoſed to the Sun's Rays, it will unite 


them at the ſaid Focus, and burn any Object held in 


it. On the contrary, if a Radiant be held in the 


Glaſs's Focus, the Rays (after Re fraction) will pro- 


ject no Image of the Object, but go on parallel ; if 


the Radiant be held nearer to the Glaſs, the Rays 
after paſſing the Glaſs will diverge, tho' not fo 
much as they did before they enter'd the Glaſs : 


ſuch Rays, therefore will be found, 
by producing them back again to a Point before the 
Glaſs where they will meet, which will be farther 


from the Glaſs than the Radiant; an Eye therefore 
to ſee this Image in the above-ſaid Focus, muſt be 


on the other ſide of the Glaſs. N. B. Hence maybe 
known the Reaſon why an Object ſeen thro' a Convex 


pears farther from the 9. than it is, 


| Lens, held nearer it than its Focus of parallel Rays, ap- 


10. If. 


10. If the Object be held farther from the Lens 

than its Focus of Parallel Rays, it will project an 
Inverted Image of it ſelf on the other ſide of the 
_ Glaſs, with this Rule —— That, the nearer the 


Object is to the Glaſs, the farther is its Image be- 


hind it, and the bigger; the farther the Object, the 
nearer the Image, and the leſs, When the Object and 

its Image are of equal bigneſs, they are alſo equally diftant 
from the Lens; the Diſtance of each being twice the 
5 Glaſs's focal Diſtance. : x 
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1. i SHEN by means of a Convex Lens, 


seg the Image of the Candle, or any other 

wg Objett is projected, each Point of the 

 $$66:25,3%þ Object is repreſented in the Image, 
nnn d by means of a Pencil of Rays pro- 
ceeding from that Point. The Axis of the Pencil is 
the middle Ray of the Pencil, which paſſing thro' 
the middle of the Glaſs, is unrefracted, or not ſenſi- 


bl re fracted. | Hence it happens, that the Rays 1 167 


which proceed from the top of the Candle, or any 


_other Radiant, and fall diverging upon the Lens, 


will be united again on the other ſide of it, upon 
their Axis at the bottom of the Image: Likewiſe 
the lower Point of the Object will (by means of 
the Pencil of Rays from it) be repreſented in the 
upper part of the Image; and ſo of all the other 
Points, according as they are above or below the 
middle of the Object. This is the Reaſon why the 
Images of ere& Objects are inverted, 15 


2. If a Room, whoſe Window looks towards 


| Objefts enlighten'd by the Sun, be darken'd all but 


one Hole, in which you ix a double Convex Lens; 
| yo: 
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you may in the Focus of that Lens, receive upon a 
white Sheet very lively Images of the external Ob- 
jets in their proper Colours, but inverted. | 

A Box made in the manner of ſuch a Room, is 
calPd the Portable Camera obſcura; with this diffe- 
rence only, that, (by means of a reflecting plane 


Looking-Glaſs, fix'd at an Angle of 45 Degrees, 


with the Axis of the Lens) the Objects are painted 
erect, upon a rough flat Glaſs laid Horizontally over 
the End of the Box, ſo as to receive the Rays that 
have paſg'd thro? the Lens by Reflection. 


3. The Eye is like the dark Chamber, the Pupil 


being as the Hole in the Window ſhut, the Humours 


of the Eye as the Lens in the Hole, and the Retina 


as the Sheet of Paper, held in the Focus of the 


Glaſs, which receives the inverted Images of erect 


Objects. To prove this, cut an Hole in the back 
part of a freſh Sheep's Eye, taking away all the 


other Coats, and leaving only the Retina in the 
Hole, fo that the Vitreous Humour be not bruis'd ; 
then holding a Candle before the forepart of the 
Eye, you will ſee the inverted Image of the Candle 
upon the Retina in the back part of the Eye, be- 


held thro' the Hole. 355 : 
Here follows a ſhort Deſcription of the Eye, 


1. THE Coat which encloſes the whole Eye, is 
cal d the Sclerotica, from its Hardneſs, whoſe 
fore part being tranſparent like Horn, is calld the 


Cornea: Under the Cornea, is the Aqueous or Wa- 


try Humour. The Coat that immediately lines the 


Sclerotica, is calld the Choroides, one part of which 
of a whitiſh Green, is call'd the Orea: This Coat, 


when it is come to the Cornea, is doubled to make 
the Tris of the Eye, whoſe Colour gives Colour to 
the Eye: The Hole of the Iris, calPd the Papil, 


may be contracted or dilated; that the Eye may not 
receive too much Light, from a very bright, or a 
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very near Object; or too little Light, from a di- 
ſtant, or too dark Object; The Iris having the aque- 
ous Humour both before and behind it, is ſaid to 
ſwim in it. Next is the Chryſtalline Humour, 
ſhap'd like a Convex Lens of Glaſs, inclos'd in a 
very thin Membrane, call'd the Aranea, whoſe Cir- 
cumference is fix'd to the Ligamentum ciliare, (2 
black Ligament made of the black Threads of t 
Choroides, lying like Radii, that tend to the Center 
of the Chryſtalline) which ſerves to bring back- 
ward and forward the Chryſtalline, or as ſome lay, 
to make it more or leſs flat, in order to render the 
Eye more or leſs convex, according as we look at a 
neearer or more diſtant Object. Beyond the Chry- 
ſtalline, is the Vitreous Humour, which fills up all 
the reſt of the Eye: Its weight is ſix times more 
than the Chryſtalline, and twelve times more than 
the Aqueous Humour. The Retina, which encloſes 
all this Humour, lining the Eye as far as the Lig a- 
mentum ciliare, is the Part on which Viſion is per- 
form'd ; that i is, it receives the Images of external 
Objects, by means of the Rays, which coming from 
every Point of the Object, are by the Refraction of 
theſe Humours, (whoſe Figures are given by their 
Coats) brought to meet in correſpondent Points of 
the Retina; every Pencil of Rays, by which we 
ſee Objects, having one Cone without the Eye, and 
the other Cone within it. 
I TheRetina is made of the Threads of the Op- 
tic Nerves, which paſſes quite thro” the Sclerotica 
and Choroides; and receiving the Impulſe of the 
united Rays, that ſtrike it ſo as to give Vibrations 
to the ſeveral Nervous Fibres, carries the Senſation 
to the common Senſorium, where (by Means yet un- 
known to us) the Soul is affected with it. 
2. If the Eye was not made of flexible Coats, and 
yielding Humours, we thou'd be able to ſee no 10 8 
5 * 8 
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jets diſtinctly, but ſuch as are at one certain diſtance 
from the Eye; for the Rays from a too diſtant Ob- 
ject, wou'd have their Focus (or come to a Point) in 
the Eye ſhort of the Retina; and the Rays from a 
too near Object, wou'd be intercepted by the Reti- 
na, before they came to a Point; but when the Ob. 
ject is near, the Ligamentum ciliare pulling forward 
the Chryſtalline, preſſes the Aqueous Humour hard 
againſt the Cornea, ſo as to render it more Convex, 
and by that means make thoſe Rays which wou'd 
have had their Focus beyond the Retina, to unite 
upon it; and when the Object 1s diſtant, the ſame 
Ligament pulling back the Chryſtalline, cauſes the 
Eye to become flatter, and ſo makes thoſe Rays to 
_ upon the Retina, whoſe Focus before was ſhort 
OI 1t. | | | | | 
3. An Eye naturally too convex to flatten it ſelf 
enough for the diſtindt beholding of diſtant Ob- _ 
jects, is a Short-ſighted Eye; and an Eye too flat 
to be made convex enough for the diſtant Viſion of 
near Objects, is an old Eye. Thoſe that have the 
former defect, are call'd Myopes, and ſuch as have 
the latter Precbyte.  - : Es = 
To illuſtrate this farther, the. following Experiments 
are made. „„ 
4. Holding a Convex Lens between a Candle 
and a white Paper ſo as to project a diſtindt Image 
of the Candle upon it, let the Candle be remov'd a 
little farther, and the Image will no longer be di- 
ſtindt upon the Paper, unleſs you bring it nearer; 
but if keeping the Paper at the firſt diſtance, you 
make uſe of a Lens, which is not ſo convex as the 
former, you will project upon the Paper a diſtinct 
Image of the now more diſtant Candle: This ſhews 
the Reaſon, why the Eye is flatten'd when we look 
at diftant Objects. If the Candle be brought nearer 
to the Glaſs, the Image will alſo be indiſtinct upon 
N | MO che 
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the Paper, till you ſubſtitute a more Convex Lens, 
whoſe ſhorter Focus will juſt fall upon the Paper, and 
ſo render the Image caſt upon it very diſtin; ſo 
the Eye is made more convex to look at near Ob- 
jects. But if the Candle be brought fo near the 
_ Glaſs as is its Focal Diſtance, or nearer, the Rays af- 
ter paſſing the Glaſs will go on parallel or diverging, 
and fo project no Image of the Candle upon the Pa- 
per; which ſhews, that there is a diſtance from the 


Eye, which is too near for diſtinct Viſion; namely, 


any diflance ſhorter than the Eye's focal diſtance : 
And if a Candle be at a vaſt diſtance, its Image 
projected upon the Paper will be extreamly ſmall ; 
ſo when we look at a very diſtant Object, its Image 


is ſo ſmall upon the Retina, that unleſs it be a very 
bright Object, we can hardly perceive it. 


CE RE RE fs COR TAC I 
Lzcrvrs XIX. 


= Bu $ Well-made Eye unites Parallel R ays 
e (or Rays which come from a Point be 
KY A 8 a great Diſtance) upon its Retina; 
5 WN but an old Eye muſt have the Rays 
„ converge a little, when they fall upon 
its Cornea, and a ſhort- ſighted Eye muſt receive 
them diverging, in order to have them come to a 
Point upon the Retina. 1 
2. When therefore an old Eye brings a ſmall Ob- 
ject (as Writing in a Book) near enough to have a 
large Image upon the Retina; the Rays in that caſe 
diverging, will have their Focus beyond the Retina; 
becauſe the old Eye cannot make it ſelf convex e- 
nough; but by applying a convex Lens, or Spectacle 
before it, the diverging Rays, after their REF 
. thro” 
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thro! the Glaſs, will be made to converge as they 
enter the Cornea, and ſo unite in Points upon the 
Retina, correſpondent to thoſe Points of the Object 
from whence they come, and by that means reſtore 
' the diſtinct Viſion which was loſt by the too near 
approach of the Object. 

3. When a diffant Object cannot be brought near 
enough to a ſhort-ſighted Eye, (which cannot make 

it ſelf flat enough) then a Concave Lens muſt be 


* held before it, which will make the Parallel Rays 


diverge before they come upon the Cornea: Then 
thoſe Rays which wou'd have had their Focus ſhort 
of the Retina, will unite upon it, and make the Eye 
thus arm'd, ſee the Objett with the fame diſtinctneſs 
as if it was brought nearer. 
To Illuſtrate this farther, take a convex Lens, and 
project the Image of a diſtant Candle upon a Paper, as 


has been before mention'd, then having remov'd the 


Paper back, 'till the Image 1 is confus'd, (as it ha ; 
inthe too diſtant Retina of a ſhort-ſighted Eye, look- 


ing at a diſtant Object) apply a Concave Lens before ? 
the Convex one, and the Image of the Candle will 


Hull diſtinctly upon the Paper. 


4. If the Candle be brought ſo near the Convex 
Lens, as to throw its Image beyond the Paper; you 
may by applying a Spettacle, or another e | 
Liens before it, bring the Image which was confus d 
upon the Paper, to: become diſtinct; juſt in the 
manner that old Eyes are help'd. 55 
5. When parallel Rays fall upon a Plano. Concave, 
or a Double concave Lens, their Refraction in paſ- 
fing thro! the Glaſs, will make them go afterwards 


diverging ;' but if you produce thoſe Rays back to 


that Side of theGlaſs, from whence they came, 
they will unite there in a Point call'd the Focus, or 
virtual Focus of the concave Lens, | 


1 
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If aShort-Sighted Eye can ſee diſtinctly but at 
the Diſtance of five Inches, then it will be ies ſee 
diſtant Objects by help of a Concave Lens, whoſe 
virtual Focus is N five Inches from the Glaſs. 

6. Whena Lens is but little convex, or concave, 
ſo 5 to have its Focus at a. great diſtance, and to 
appear flat to the Touch, the way to know whether 
it be Ground Convex, or Concave, is to look full 
upon any Object, holding the Glaſs between your 
Eye and the Objett : Then if by ſhaking the Glaſs, 

the Object appears to dance, the Glaſs is a Lens, (or 

a Glaſs which is convex or concave) becauſe the 

Rays fall with a different Inclination upon different 
parts of the Glaſs, but no ſuch dancing will happen 

if the Glaſs be quite flat. 

| 7. There are ſeveral Ways of finding the Focus 


of a Lens, of which the two beſt are as follow, — 


| Hold a Lens to the Sun, and the Focus will be where 
the Sun's Rays unite and burn; or elſe put the Lens 
into the Hole of a dark Room, and obſerve the di- 
ſtance, where a Paper held will receive the diſtinct 
Image of diſtant Objects, and that will be the fo- 
- cal Diſtance. 
8. If a convex Lens has its thickeſt pet i in the 
Middle, it is ſaid to be truly Center d, and a Line 
paſſing thro” that thicker Part, and the Foci of the 
_ Glaſs on each fide, is calld the Axis of the Glaſs. 
Now as in Glaſſes of long Foci, one cannot ſee 
where the Glaſs is thickeſt, the following Experi- 
ment will determine whether the Glaſs be truly cen- 
ter d. Hold the Lens to the Sun, and throwing 
the Sun's Light by Reflection againſt ſome dark Body, 
you will ſee a large white Circle, and a ſmall white 
circular Spot within it, brighter than the other, If 
the bright Spot be juft | in the Middle of the other, 
: the Glaſs is truly center'd, otherwiſe note 2: If 


* 
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9. If from the two Ends of * Objett, be driwn 
7 to the Middle of the Pupil of the Eye, (which 
are the Axes of the Pencils from each end of the 


Object) the Angle which thoſe two Lines make at 
the Bye, is the Viſual Angle, or the Angle under 


which Objetts are ſaid to be ſeen. An Object appears 
large or ſmall," according to the Angle under which 


it is ſeerr; becauſe thoſe Rays or Lines which make 
the above-ſaid Angle; after their croffing, go to the 


Retina of the Eye, "where they determine the 
Magnitude of the Image upon the Retina. Hence, 


if an n Objett that was at tuo Foot from the Eye, by | 


brought to the diſtance of one Foot; it will be feen 
under an Angle, twice as big, and r to have a 


Diameter as big again; the Image of it vpn the Re- 


tina being twice larger than before. 


For this Reaſon, when 20 Obe is veity fail, i 


muſt be brought nearer the Bye; in order ro ſes it 


under a great Angle: But if to malte it a ppear 5 
large enough, it be brought very near the 4715 the 


Rays will diverge ſo much from every Point of it, 
as to have their Focus beyond the Retina, ſo that a 
very convex Lens muſt be interposd between the 


oo and the Eye, tocorrect the divergence of thoſe | 


he's in the ſame manner that a Speckaclè helps an 
Eye; 


e; then the Image will be diſtinct upon the 
Retina, wiebout being di miniſh'> Such a Lens is 


the Single Aicroſeape. and the mpre convex it is, 
the more is the Obje& magnified by means of it; as 


being allow'd to be brought very near, when the 


Lens is made of Segments of a ſmall Sp here, or is 
it ſelf a little ſpherule of Glaſs, ſome 5 which are 


ſo ſmall, as 2 need another Microſcope fo ſee 


them, - 


10. To know how much a Microſcope magnifies, | 
take a round piece of Paper, and ſticking it to a 


Pane of Glaſs, look with one Eye at the ſaid Paper fry ; 
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ter'd. 
the Sun's Light by Reflecłkion againſt ſome dark Body, 
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If aShort- Sighted Eye can ſee diſtinctly but at 
the Diſtance of five Inches, then it will be able to ſee 
diſtant Objects by help of a Concave Lens, whoſe 
virtual Focus 15 | five Inches from the Glaſs. 

6. When a Lens 1s but little convex, or concave, 
ſo as to have its Focus at a great diſtance, and to 


appear flat to the Touch, the way to know whether 


it be Ground Convex, or Concave, is to look full 


upon any Object, holding the Glaſs between your 


Eye and the Obj ect: Then if by ſhaking the Glaſs, 


the Object appears to dance, the Glaſs is a Lens, (or 
a Glaſs which is convex or concave) becauſe the 
Rays fall with a different Inclination upon different 


parts of the Glaſs: „ but no ſuch dancing will happen 


if the Glaſs be quite flat. | = 
J. There are ſeveral Ways of finding the Focus 
of a Lens, of which the two beſt are as follow, — 
Hold a Lens to the Sun, and the Focus will be where 
the Sun's Rays unite and burn; or elſe put the Lens 
into the Hole of a dark Room, and obſerve the di- 
| Nance, where a Paper held will receive the diſtinct 
Image of diftant Objects, and that will be the fo- 
cal Diſtance. 


8. If a convex Lens has its thickeſt part i in the 


Middle, it is ſaid to be truly Center d, and a Line | 
paſſing thro? that thicker Part, and the Foci of the | 
_ Glaſs on each fide, is calld the Axis of the Glaſs. 
Now as in Glaſſes of long Foci, one cannot fee | 
where the Glaſs is thickeſt, the following Experi- 


ment will determine whether the Glaſs be truly cen- 
Hold the Lens to the Sun, and throwing 


you will ſee a large white Circle, and a ſmall white 
circular Spot within it, brighter than the other, If 


the bright Spot be juſt in the Middle of the other, 
the Glaſs is truly center'd, otherwiſe not, 


9. If b 


. 
9. If from the two Ends of the Object, be drawn 
Lines to the Middle of the pupil of the Eye, (which 
are the Axes of the Pencils from each end of the 


Object) the Angle which thoſe two Lines make at 


the Eye, is the Viſual Angle, or the Angle under 
which Objects are ſaid to be ſeen. An Object appears 


large or ſmall, according to the Angle under which 
it is ſeen becauſe thoſe Raysor Lines which make 
the above-ſaid Angle, after their croſſing, go to the 


Retina of the Eye, where they determine the 


Magnitude of the Image upon the Retina. Hence, 
if an Object that was at two Foot from the Eye, be 


brought to the diſtance of one Foot, it will be ſeen 
under an Angle, twice as big, and appear to have a 
Diameter as big again; the Image of 1 it upon the N 


tina being twice larger than before. 


For this Reaſon, when an Object is very ſmall, it 


muſt be brought nearer the Eye, in order to ſee it 


under a great Angle: But if to make it appear 
large enough, it be brought very near the Eye, the 
Rays will diverge ſo much from every Point of it, 
as to have their Focus beyond the Retina, ſo that a 


very convex Lens muſt be inter pos'd between the 


Object and the Eye, tocorrett the divergence of thoſe 


| Rays, in the ſame manner that a Speckacle helps an 


old Eye; then the Image will be diſtinct upon the 


Retina, without being diminiſh'd. Such a Lens is 


the Single Alicroſcope, and the more convex it is, 
the more is the Object magnified by means of it; as 


being allow'd to be brought very near, when the 
Lens is made of Segments of a ſmall Sphere, or is 
it ſelf a little ſpherule of Glaſs, ſome of which are 


ſo ſmall, as to need another Microſcope to ſee 


them. 


10. To know bow rauch a Microſcope magnifies, 


take a round piece of Paper, and ſticking it to a 
Pane of . look with one Eye at the ſaid Paper, 
L 


and | 
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and with the other at the Object in the Microſcope, 


*till you ſee the ObjeQ in the Microſcope ſeem juſt 


as big. as the Paper on the Glaſs; then, Ac the Di- 
ſtance of the Paper from the Eye, is to the Diſtance of 


the Object from the Lens of the Microſcope ;, ſo is the 


apparent Diameter of the Object ſeen by the Microſcope, 


to the apparent Diameter of it ſeen by the naked Eye ; 


or in other Words — The Object, or the Part of it 
ſeen by the Microſcope, is magnified in proportion 
to the Difference of the above-ſaid diſtances. - 


11. If youprick a ſmall Hole in a Card, and thro? 
it look at a ſmall Object brought nearer to the Eye 


than the Limits of diſtinct Viſion do allow of, you 


will ſee it magnified as you wou'd by means of a ſmall 


Microſcope ; but it will appear dark. The Reaſon 
ol it is, that tho? the Rays from every Point of ſuch 


an Object diverge too much when they fill the whole 


Pupil, yet the Card ſuffers only ſuch of them to 


paſs as are very near the Axis of each Pencil, which 


diverge but juſt enough to have their Focus upon the 
Retina; but the Rays that paſs thro' ſuch an Hole 
are fo few, that the Object appears dark, and there- 


fore ſuch a Microſcope is of little uſe. * 
N. B. When we look at a near Object, we con- 


tract our Pupil, as well not to take in the too di- 


vergent Rays, as not to take in too much Light: 


This contrivance of the Card is no other, than a 


farther contraction of the Pupil. 25 
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1 n Compound « Microſcope is commonly u- 


ſed to look at opaque Objects, as the 

| A CY Single one is chiefly us'd to look at 
R tranſparent ones: The double one takes 

in a great deal of an Object at a time, 


which it ſees inverted, and ſeldom magnifies ſo 


much as a good ſingle one. The Deſcription of it 
is as follows. — The ſmal} Object to be view'd, 


being expos'd to a ſmall Lens of a deep convexity at 


a diſtance ſomething greater than its focal diflance ; 


but not ſo great at twice that diſtance, projects a 
large inverted Image of it ſelf on the other fide of 


the Glaſs; which magnified Image the Eye looks at 
with another convex Lens, or ſometimes two of 
them together, (which take in more than a ſingle 


one, becauſe they are broader than a ſingle one 


that will make the Rays converge as much as both of 


them combin'd )) ſo as to ſee this Image magnified, 


or under a great Angle, the Eye-Glaſſes allowing 
the Eye to be brought pretty near the ſaid Image, 
which in this Caſe is view'd in the ſame manner, as 


if it was the principal Radiant or Objett. We are 


to obſerve, that the Eye in the Focus of the Eye- 
Glaſs, ſees the projected Image (and wou'd ſee an 
Object) under the ſame Angle as if it was in the 
Place of the Eye-Glaſs; but as it wou'd ſee it con- 


fluſedly, tho' large in that Place, we are oblig'd to 


uſe an Eye-Glaſs, in order to recover diſtinct Viſion, 


as in the caſe of a ſingle Microſcope: And as a well 


made Eye unites upon its Retina ſuch Parcels of 


Rays as are parallel to each other when they enter 


the Cornea, the Eye-Glaſs for ſuch an Eye to make 
uſe of, muſt be placed at its focal diſtance from the 


I 2 image 
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Image projected by the Object. Glaſs that the Rays 
diverging from every Point of the Image, may after 
paſſing the Eye-Glaſs, be parallel to their reſpective 
Axes: Now as the Angle made at the Eye by the 
Axes of the Pencils of Rays coming from each end 
of the Objeck, is the Angle under which we ſee It, 
the Eye muſt be in the Focus of thoſe Axes, (and in- - 
deed he common Focus of the Axes of all the Pencils) 
which will be ſomething farther from the Eye-Glaſs 
than its Focus of parallel Rays, becauſe thoſe Axes 
area little diverging when they fall upon it; for 
when they come from the principal Radiant, they 
croſs'd ar the Object-Lens, from which point of 
croſſing they diverge to fall upon the Eye-Glaſs, not 
being turn'd out of their direction *till they come to 
ir, tho” the Image is projected between the Object- 
Glaſs and the Eye-Glaſs. If therefore we wou'd 
know in what direction the Rays enter the Eye in 
this Caſe, we ſhall find both a Paralleliſm and a Con- 
vergency. The Rays belonging to each Pencil, which 
comes from each Point of the Objett are Parallel to 
their reſpective Axes, and therefore (being refracted 
in paſting thro? the Humoursof the Eye, ſoas to unite 
upon correſpondent Points of the Retina) give di- 
ſtinct Viſion; but al} the Pencils coming each froma 
different point of the Object, after paſſing the laſt 
Eye- Glais, converge at the Pupil of the Eye, and 
by the Angle which their reſpective Axes make, 
give the apparent diſtance of every Point of the 
Object from each other, and conſequently the ap- 
parent Magratude of it. 

2. As the Microſcope 1s of uſe to look at Obje ects 
ſo ſmall, that they project too little an Image of 
them ſelves, when they are not too near the Eye to be 
out of the Limits of diſtinct Viſion: So the Teleſcope 
ſerves to enlarge the Angle under which a 5 
f biect which we cannor approach to) is ſeen; 2 
that 


N : 
that is done with a convex Object-Glaſs, and one or 
more convex Eye-Glaſſes, as in the Microſcope, only 
with this difference, that the Objeft-Glaſs is leſs 
conyex than the Eye-Glaſs, whereas in the Micro- 
ſcope it 15 more Convex. 8 FC YEW 
There is indeed a Teleſcope invented by Galileo, 
whoſe Eye-Glaſs is concave ; but we ſhall firſt de- 
ſcribe the Aſtronomic Teleſcope, (ſo calPd from its 
being now chiefly us'd to look at Celeſtial Bodies) 
which conſiſts only of two convex Glaſſes, ; 

3. We have ſhewn before, that the flatter a con- 
vex Lens was, the more diſtant was its Focus, or 
diſtinct Baſe in which it projects the Image of di- 

ſtant Objects; we have alſo made it appear, that 
the farther the Image was projected on the other 
ſide of a convex Lens, the larger it wou'd be. Now 
as we cannot bring the Object near the Lens, to pro- 
jet a large Image. of it by that means, we muſt 
make uſe of a Lens of a ſmall Convexity, (or a Seg- 
ment of a large Sphere) which for the above-ſaid 
Reaſons will project a large inverted Image of the 
Objett in its Focus, which Image is beheld by the 

Eye, arm'd with an Eye-Glaſs of a ſhort Focus, and 
ſeen under the Angle, which two Lines from the 
Extremity of the Image, make at the Eye-Lens. 

4. The uſe of the Eye-Glaſs is the ſame as in 
the double Microſcope ; but care muſt be taken 
here as well as there, that the Eye-Glaſs be not too 
convex in proportion to the Object-Glaſs; becauſe - 
the Object wou'd then appear coloured. The longeſt 
Object-Glaſſes (or thoſe of the greateſt focal diſtance) 
require the longeſt Eye-Glaſſes; but of two Object 
Glaſſes of the ſame convexity, the beſt will bear the 
greateſt Charge, or ſhorteſt Eye-Glals, 

5. A Short-Sighted Man may uſe a Teleſcope 
without an Eye-Glaſs, except it be a Teleſcope ſo 
ſhort, that the Focal diſtance of its Eye-Glaſs A 
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much ſhorter than the Diſtance at which the Short- 
Sighted-Man ſees diſtinctly. As for Example, If 
ſuch a Man ſees diſtinctly at the diſtance of four 
Inches, he may uſe a Teleſcope (whoſe Eye-Glaſs 
is of four Inches Focus) without the Eye-Glaſs; 
becauſe then the Rays from every Point of the Image 
to his Eye will diverge no more than they wou'd 
from an Object at that diſtance ; and he ſhall ſee the 
Object magnified as much as others that uſe the Eye- 
Glaſs, becauſe he ſees it under the ſame Angle, If 
the Focal diſtance of the Eye-Glaſs be greater than 
the Short-Sighted- Man's diſtance of diſtinct Viſion, 
he ſhall ſee the Object more magnified than when it 
is ſeen with the above-ſaid Eye-Glaſs : But if the 
focal Diſtance of the Eye-Glaſs be ſhorter than the 
Short-Sighted-Man's diſtance of diſtinct Viſion, he 
will not ſee the Object ſo much magnified without 
the Eye-Glaſs, as with it; becauſe his Eye is not 
convex enough to be brought as near the Image as the 
Evye-Glaſs was, without loſing diftin& Viſion. 
56. The difference between a Short Sighted-Man 
uling a Teleſcope without an Eye-Glaſs, and ano- 
ther ufing an Eye-Glaſs equivalent to the too great 
Convexity of the Short-Sighted-Man's Eye, is, that 
a great deal more may be taken in with the Eye- 
Glaſs, than without it, and that in ſome proportion 
of the Bigneſs of the Eye-Glaſs to the bigneſs of 
the Pupil; beſides it will be difficult to uſe a Micro- 
meter without an Eye-Glaſs; but then on the other 
hand, a ſnhort- ſighted Eye will ſee much more diſtinct- 
ly than one can with an Eye- Glaſs, and can take in 

all the Parts of the Object ſucceſſively. 
This way of applying a Teleſcope to a Short-Sighted- 
Eye, I found very uſeful in looking at Saturn's Ring; 
and in making the Experiment, I was able to take in an 
Angle of about ſix Minutes with a fifteen Foot Teleſcope, 
and I ſaw the Satellites of Jupiter very plain with a two 
Foot Object-Glaſs. 7. The 


os 
7. The above-mention'd A ſtronomic Teleſcope 
inverting the Objects, (which is no inconvenienc 
in looking at Spherical Bodies, ſuch as the Celeſtial 
ones, eſpecially when we have the Advantage of ſee- 
ing them thro” a ſmall thickneſs of Glas) two Glaſ- 
ſes more are apply'd, when we look at Objects upon 
Earth, where by an ere& Image of the Firſt inverted 
one is projetted between theſe two laſt Eye-Glaſſes; 
ſo that the Eye arm'd with the third Eye- Glaſs, 
ſees an erect Image of an inverted Image of the e- 
rect Object; and conſequently the Image on the Re. 
tina is inverted, and therefore the Objett appears 
_ ere&, One Glaſs might do inſtead of the two. laſt ; 
that is, two Eye- Glaſſes and the Objett-Glaſs might 
| ſhew the Object erect; but there wou'd be wanting 
the conveniency of fitting all Eyes, by.only thrufting 
in, or pulling out the Drawer in which the Three 
Eye-Glaſſes are fix'd, and always keep the fame di- 
ſtance from each other, with the ſame diftinineſs; 
but when the three Eye-Glaſſes are thruſt a little 
nearer to the Objett-Glaſs for a Short-Sighted-Bye, 
the Rays of each Pencil will diverge from their Axis, 
juſt in the ſame manner, as if a ſingle Eye-Glaſs 
had been put a little nearer to the Focus of the Ob- 
ject-Glaſs than its focal Diſtance: Likewiſe, if the 
ſaid three Glaſſes be drawn out farther from the Ob- 
ject-Glaſs, to fit an old. Eye, the Rays of each Pen- 
cil will converge towards their Axis, in the ſame 
manner, as if the ſingle-Glaſs was drawn out a little 
in the Aſtronomic Teleſcope. Now if there were 
only two Eye-Glaſſes, not only the diſtance of both 
from the Object-Glaſs, but their diſtance from each 
other alſo muſt be alter'd for different Sights, or very 
little of the Obje& wou'd be taken in. ; | 


8. Galileo's Teleſcope is made of a Convex Object 


Glaſs,and concave Eye-Glaſs, combin'd in the follow- 
ing manner, Take a concaye Lens, whole virtual Fo- 


— — —— — 
— — — — 
5 i, 4 


BY. "a2 . -* 
__— — — A 8 - r 


— 


6640 


eus (deſcribed in Lecture 19.) is as much morter than 


the Focus of the Object. Glaſs, as you wou'd have 
the Object magnified, "Rn fix it ſo much nearer to 


the Object-Glaſs than its Focus, that the Focus of 
the Object-Glaſs may fall beyond the Eye-Glaſs, 


juſt at the virtual Focus of the Eye-Glaſs, Then 


the Eye being apply d juſt behind the concave Glaſs, 
will receive thoſe Rays parallel to each other, 


which otherwiſe wou'd have converg d. This Te- 
leſcope magnifies much ; but it takes in but a lit- 


tle, and cannot be of uſe for a Micrometer, becauſe 


by it we do not look at the Image of the Object, 


but at the Object it ſelf; whereas in the Aftrono- 


mic Teleſcope, the Image of the Object being pro- 
jected in the common Focus of the Objett-Glaſs, 
and Eye-Glaſs, a Micrometer or croſs Hairs in that 


| place, appear to be upon the Objett it ſelf, 


iT have found old Eyes ſo flat, as to be able to make 


uſe of | Galilzo's- Teleſcope without an Eye-Glaſs, where 
the Concavity of it is but ſmall. 


9; As the Focal diſtance of the Objeft-Glaſs to the 
Foeal Diſtance of the Eye-Glaſs; fo is the apparent 
Diameter of an Object ſeen thro? a Teleſcope, to the 
apparent Diameter of the Obhect ſeen with the 
naked Eye. 

This Praertion will hold as well in Galilzo' D Teeſe 
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1. Ker we luppoſe a Line denen thro? the 


middle of the Eye, ſo as to paſs thro? - 


Wl & the Centers of all the Coats and Hu- 


mours of the Eye; ſuch a Line is 


calßd the Optic Axis. 


2. When we look full at any Point of an Object, 5 


we make the Optic Axes of both Eyes meet at that 


Point of the Object, and always ſee that Point ſin- 
gle. But whilſt we are looking at that Point, other 
Objects that are not directly before us do paint 


themſelves alſo upon the Retina: Such Objects we 
ſee without looking at them; and if they happen to 


be either beyond this Point where the Optic Axes 


meet, or ſhort of it, they will appear double: And 


therefore the difference between 8 and Seeing 
is this; that when we Look at an Object, we always 


ſee it plaineſt and ſingle, but when we {ee an Ob- 


ject without looking at it, it always appears duller, 


and ſometimes double. 


3. This appear'd by the Experiment upon two 
Candles in a Line; for looking at the neareſt, the 


theſt, the neareſt appear d double. 


The reaſon of this Phænomenon is, that when 
one Candle paints its Image upon the middle of the 
Retina in each Eye, the Fibres of the middle of the 
| Retina of each Eye joyn together in the Head where 
the Optic Nerves meet, before they come to the 
Brain or common Senſorium, and ſo give but the 


Senſation of one Image; but when the other Can- 


dle (ſuppoſe it nearer) m_— Image upon the 


Retina 
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Retina of each Eye farther from the Noſe than the 
middle of the ray the Fibres of the exterior Part 
of the Retina of one Eye, not communicating with 
the Fibres of the exterior Part of the Retina of the 

other Eye, we have the Senſation of two Images : 
Likewiſe there being no Communication between 
the interior Parts of the Retina of each Eye (where 
the Images are painted; when the Candle. ſeen is be- 
yond the Candle look'd at) we ſhall then alſo have a 
Senſation of two Images. 9 
4. That the Fibres on the rig * Hand ſide of che 
Retina of the right Eye, comfachneate with their 
correſpondent Fibres on the right Hand ſide of the 
Retina of the left Eye; and thoſe on the left in one 
Eye with thoſe on the left in the other — was 
ſhewn by the Experiment of the two Candles (each 

equally diſtant from each Eye, with a vertical Plane 
betwixt them) which appear d but as one, when 
they were ſeen without being look d at; for then 
each projecting an Image of it ſelf reſpectiwely on on 
the left Part of the Retina of each Eye, and thoſe 
Images being ſimilar and equal (becauſe the Can- 
dles were of the ſame bigneſs and height, and at the 
ſame diſtance from the Eyes, each from each) the 
correſponding Fibres which receive them by com- 
municating together, repreſent them to the com- 
mon Senſorium, as Images from one Object, or as 
one Image in one Eye. 
D pon theſe Principles it was, that the Tus Can- 
dles (in another Experiment, where they either 
were look'd at, or ſeen thro' an Hole in a Board 
held before them) appear'd ſingle, when the Hole 
was look'd at; and double, with the Hole alfo dou- 
ble, when they were ſeen by looking at thoſe Parts 
of the Board that were againſt the Candles. For if 
A and Bare. the two Candles, and O the Hole be 
the 


(1690 ); 
the Board, when the Eyes at C 3 
and D are ſo turn'd as to have & B 
their-Axes meet at O, the Candle 7 | 
A paints it ſelf in the middle of __ * SETS 
the Retina of the Eye at D, and EF. * WT... 
the Candle B in the middle of 7 
the Retina of the Eye at C, juſt 8 
as one Candle at O would do; „ 
but if the Optic Axes are turn'd to the Points of the 
ſolid Board at F and 6, the Candle A together with 
the Hole will paint it ſelf on the exterior, or right 
Part of the Retina of the Eye at D; and the Candle 
at B together with the Hole will paint it ſelf on the 
exterior or left Part of the Eye at C, and therefore 
theſe Images not communicating, you will for the 
Reaſons above given ſee two Holes and two Candles. 
5. The Reaſon why ſome People ſee double when 
they are drunk, is, that thro? the hurry of their 
Blood and Spirits they have a trembling in the Muſ- 
cles of the Eye, and ſo cannot direct both their Qp- 
tic Axes to one Point; but if they ſhut one Eye they 
J.. En ors ei 
6. If we look at a Candle with one or both Eyes 
almoſt ſhut, we ſhall ſee Beams of Light dart ing up- 
_ wards and downwards from the Candle, which will 
_ vaniſh when the Eyes are fully open. What is re- 
markable in this Phenomenon is this; that if by 
bringing up your Finger between your Eye and the 
Candle, you endeavour to hide the lower Beams or 
Rays, you will only deſtroy the upper ; and when 
by bringing down your Finger, you wou'd intercept 
the upper Beams or Rays, you. will only hide 
the lower. To explain this we muſt conſider, 
that when our Eye-lids are almoſt cloſe, they are in 
| ſuch a Poſition, that the Rays which come from the 
upper Part of the Candle, us upon the moiſt ot 
„ © ms 2 
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wet Surface of the lower Eye-lid, will be reflected in- 
to the Eye, as if they came from the lower Part of 
the Candle; and the Rays. which come from the 
lower Part of the Candle, ſtriking upon the upper 
Eye- lid, are reflected into the Eye, as if they came 
from the upper Part: When then by your Finger 
you hide the lower Part of the Candle, the Rays 
which came to the upper Eye- lid being intercepted, 
vou muſt of Conſequence loſe the upper Beams. 
The Reaſon why inſtead of Beams above and below, 
we have not two inverted and one upright Candle, | 
is, that the Eye-lids are but 1mperfett or irregular 
Secula made up of ſeveral different Sur faces e Juſt 
as when we endeavour to ſee the Moon by Reffecti- 
on in Water that has ſmall Waves, we han not ſee 
the Moon ſingle, but a Row of Moons touching one 
another, ſo as to make a long Beam of Light. 
5. If we invert a drinking Glaſs over a piece of 
5 Magiey in a Plate or Diſh, ſo as to have Water over 
. _ iece of Money of the height of about an Inch, 

all ſee the piece of Money double, as if one 
es was a quarter of an Inch over the other; the 
lower Piece will appear magnified, but not the 
upper: So that if the Piece of Money be a Shilling, 
It will look like a half Crown with a Shilling over it. 
That the Shilling appears rais'd, is owing to the 
Refraction of the Rays coming from the Shilling, as 
they emerge out of the plane ſurface of the Water, 
;uſt as in the Experiment of the piece of Money in 
the Baſon (Lect. 2.) for tho? the Rays pals thro? the 
drinking Glaſs afterwards, their Direction is not ſen- 
ſibly alter'd, becauſe the Concave and Convex Sur- 
faces of the Glaſs are parallel. Thro' the Conic 
Convex Surface of the Water (to which the Glaſs 
ives that Figure) the Shilling appears magniſied; 
becauſe the Rays which came from the ſides of the 
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Shilling to the Eye, ſo as to make the Angle under 
which it muſt be ſeen (if there was no Water in 
the Glaſs) do decuſſate or croſs before they come 
to the Eye by the ir Refraction from the Perpendi- 

cular, in coming out of the convex Surface of the 
Water; and two other Rays from the ſame Points 
of the Shilling g, but more diftant from each other 
at their Emerſion from the Glaſs, are by the ſaid. 
Refraction brought to the Eye fo as to make a lar. 
ger Angle at it, and ſhew the Shilling bigger in Pro- 
portion to the convexity of the drinking Glaſs. 
The larger the drinking Glaſs the leſs the Shilling 
is maynified, and if the Glaſs was ſquare, ſo as to 
have a flat fide between the Eye and the Shilling, 
it would not be ſenſibly magnified. 
7. If you prick an Hole in a black Card, and told 
the Point of a Pin betwixt. your Eye and the Hole 
in the Card (all the while looking towards the Can- 
dle behind the Card, you will ſee the Pin magnified 
and inverted) but dack: And if there be ſeveral 
Holes, you will likewiſe ſee the Pin multiplied z = 
this Mr. Stephen Gray firſt obſerv'd and communica- 
red it to the Royal Erie, calling it an Aerial Nervt 
lam. 
here is no real Image of che Pin: upon che Keri 5 
na, becauſe it is much too near the Eye; but the 
Rays of Light which come from the lower Part of 
the Candle, thro” the Hole of the Card, cannot all 


enter the Eye, becauſe the Point of the Pin i is in the 


way, and therefore the ſhadow of the Point is caſt 
upon the upper Part of the Retiva, when the Pin's 
Point is hel upward ; and the Rays of Light com- 
ing from the upper Part of the Candle thro*:the 
Hole; caft the ſhadow of the thick part of the Pin 
upon the lower part of the Retina, or do not fal 
upon the part of the Retina which is behind * 
N 
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Ir therefore this don or dark Ima ge upon the 
Netina is erect, it muſt (from what has been ſaid 
before) make the Object appear inverted. | 

-:.8::/The Rays which come to us from che fix'd 

Stars, Planets, or any other Celeſtial Phznomenon, 
which is not in our Zenith, (or directly oyer our 
Heads) by the Refraction toward the Perpendicu- 


lar, as they come thro' our Atmoſphere, make the 


Phænomenon appear higher than really it is. That 
the Air does really produce ſuch an Effect, appears 
from the Experiment of the Object ſeen thro” the 
Teleſcope and exhauſted Priſm; for the Object ap- 
pears higher, when the Air is jet into the Frien; ; 
and ſtill ln, when the Air is condens'd | in x the : 
| Fram. Tirs 
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12 9 hs -cnififis af K s of Arne Kinds, 
N which are bea, PTAs and 
* 885 by By cilerently; colour'd, 

2. When theſe differeut Rays are all 

10 3167 1% i eng che they make White, which 
willy never be perfect, without a mixture of all of them 
in due Proportion. Some of the Experimente made 
to prove this Truth follow. 
3. With a Triangular Glaſs Priſm refracl the 
Sun-Beam, which comes thro' the Hole of the 
Window of a darken'd Room, and inſtead of only 
throwing the Circular White, Image of the Sun out 
of its Place, that Image will become oblong, and 
1 W into a Speltrw. of the following. Co- 

urs, 


3 

lours, viz. Red, Orange, Yellow, ech. Blue, Purple 
and Violet. If, by holding the refracting Angle of 
the Priſm downwards, the Image is thrown upwards, 
the Red will be loweſt, as being leaſt re fracted, 'the 
Orange next, and fo of the reſt in order, the 2 oler 


which it moſt refracted being higheſt. If the 1 re- 


fracting Angle of the Priſm was held upwards; fo 
as to depreſs the * the Colours wou d be in 
an inverted: Order.. PI 


4. If this colour'd Image or Spectrum falls upon a 


convex: Lens, the different colour'd Rays wil} be {6 


united, as to make a Spot perfectly White in their 
Focus, as will appear by receiving them upon a 


paper held in the ſaid Focus: The Spot being 


colour'd either ſhort of or beyond the Focus; 


but after meeting they 90 on in an Inverted Or- 
f der. 7 

5. If you intercept any one of theſe Colours be- 
fore they fall upon the Lens, the Union of the 
reſt of the Colours will make but an imperfect 


White; reddiſh if rhe Blue be abſent, and bluiſh 
if the Red be abſent, Cc. If you intercept them 


ſucceſſively, but very quick, the Spot in the Focus 
will be ftill perfectly White, becauſe an Impreſſi- 


on is made by the laſt Colour upon the ' Retina, 


before that which was made by the firſt be quite 

extinguiſh'd. Thus a fir'd Charcoal mov'd circu- 

ry very ſwift, appears like a Circle of Fire.” 
6. If a piece of red Cloth or Silk, or a red Flow- 


er Fe held ſucceſſively in the differently colour d 


Raps, it will be of that Colour in which it is held, 
and never appear Red till it be held in the Red 


Rays; but then the Colour of it will be moſt vivid; 


1 will be dulleſt in the Blue, which is the Colour 


| moſt remov'd in order from the Red. A piece of 


blue Silk will be ſucceſſively of every! Golour in 
which 
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which it is held, but of a bright Blue when held in 


the Blue, and of a dull Red in the red Ray. Objects 


of any Colour will be ſucceſſively of every Colour 
in which they are held, but more intenſly of their 


own Colour, | 
Hence it appears, that an Object of any Colour 
reflects all manner of Rays, but more copiouſly 
chole of that Colour, of which it is ſaid to be: 
The Eye therefore being more affected with thoſe 
Rays 3 the reſt, which are more ſparingly. re- 
flected, will perceive ſuch an Obje&, as if i it refle- 


cted only one ſort of Rays. * 
J. A white Body reflects all ſorts: of Rays plen⸗ 


| tifuly, and abforbs. all ſorts of Rays ſparingly; 
but a black Body does juſt the reverſe; therefore a 
black Body will be ſooner heated in the Sun, and 
retain its Heat longer than a white one. 


8. The different | Refr angibility of Rays 15 lun, 
by the following Experiment, 
Having by one Priſm near the Hole of che Win- 


dow of your dark Room, open'd a Sun-Beam into 
the colour'd Spectrum above mention'd : Behind a 
{mall Hole made in a Stand, which the Spelt rum i is to 
be thrown upon, fix a priſm in ſuch. manner, that 
if the red Rays fall thro' the Hole of the Stand, 
they will be refracted by that ſecond Priſm, and 
— 4 that Refraction fall upon another Stand, ſtill 


retaining their Colour. If the Violet Rays be 


throum thro' the ſaid Hole, they will after the 


Refraftion thro? the ſecond Priſm fall nchang's up- 


on the ſecond Stand making a Violet Spo 
much higher than the red Spor was ; brane = 


Violet being more refrangible than the Red, muſt 


be thrown higher by the ſecond Priſm, whoſe re- 
fracting Angle in that Caſe is downwards: 

Orange wil 9 
e 


The 
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tle highdr chan the Red; the Yellow a. [little high. 
er; the Green ſtill higher, and ſo of all the Colours 


in their Order. This is what Sir 1/aac Newton calls 
the Eæperimentum Crucis in his Optics, where he His 
given the whole Theory of Light and Colours; and 


the manner of n. all the Experiments relating | 


to it. | 
If a long piece of Pa r about. fix Inches lc 
and Half as an Sh broad pe 5 


or Purple, the Paper feen thro! a Priſm will appear, 
divided; che Red half appearing lower than the 
Blue half, or higher, according as you hold the re- 
frafting Angle of the Priſm upwards or. downwards, 
But if inftead of Painter's Colours the Red of one 


5 Priſm, and the Blue of another, be thrown u 


the White Paper; the colour d parts of it ſeen. 


a third Priſm, will appear ſo much farther aber, 
d4ãs theſe Colours are more vivid and perfect than 

thoſe. If the Red from one Priſm AY Violet = 
another be thrown upon the {aid Paper, the Parts of 


the Paper will appear fartheſt from each other: If the 


Red from each Priſm: be thrown upon the two Parts 


of the Paper, they will no way appear divided ; but 


they will begin toſeparate a little, if they receive one 


the Red; and the other the Orange; more, if the 
Vellow; and fill more if the Green, and ſo on, ac- 
cording to the Order of the Colours. 


I If the homogeneal Colours ( which when all 
united. make up White) are well ſeparated ; how ma- 


ny Priſms ſoever they are made to paſs thro”, how- 


ever reflefted, or however inflected they are, they 


never change their Colour or appear mx'd : and if 
they are thrown upon the Writing in a Book, the 
Lines will not appear as when look'd at thro 


Þ = 


divided into two Parts, 
by a Line Perpendicular, to the long Sides of. it; 
and one Half be painted Red, and the other Blue 


2 — —— — 2 7¾́ ——½ OI E ˙ cs het. Ab 
* 


=Y 


4 


—— —— ä—œ— 


. * 
1 — 
* 


— — 


— At. — 
—— 3 


— 
r 


— * 
* 


674 


2 ; Priſtn, as it always happens when the white 1 Light 


falls upon it, upon Account of the different Re- 
frangibility of thoſe Rays, of which the White 1 3 
compounded. | 


9. That all they Lucid Bodies, as well as the 


Sun, emit Rays differently refrangible, was ſhewn 
by the Experiment of the Rays of the Candle; 
which entring obliquely into a bezelbd Looking- 1 
Slaſs Bar, are refracted, then fall upon the Quick- 

filver'd Surface, and after their Reflection from it, 
are refracted a ſecond Time, as they come out of 
the oblique Surface of the ſaid Bar: For then the 
homogenea! Rays (or the Rays that make each Co- 


lour) are ſo far ſeparated from one another, that 


if the Violet Rays falls upon one Eye of any Per- 
ſon looking at the ſaid Bar, the Red will fall upon 
the other Eye; if the Perſon looking be farther 
remov'd from the Bar, then one Eye will receive 


the Blue, whilſt the other receives the Red, and 


ſo on; the Colours, or Colour- making Rays being far- 
her aſunder at a greater Diſtance from the Glaſs. 
have in the Philoſophical Tranſactions, Numb. 
0 348) give 4 articular Account of theſe. laſt Experi- 
ments, and e ſie Directions for making them; as alſo 
ſuch of Sir Iſaac Newton's Experiments, % L made : 
before the Royal Society by his Order; becauſe ſome 
Gentlemen in France hbavitg tried them without Suc- 


ceſs, mag in 'd the Theory of Light and Colours to. be 


falſe. Each Circumſtance is there ne as er- 
plain d by proper Figures. 


10. That the Colours of the Rain-Bow, are YE 


_ owing to the Refraction of the differentlywrefitigible - 
Rays, in their coming out of drops of falling Water, 


after one or more Reflettions in the faid Drops, a 


pear'd by the Experiments made upon. the hollow 
Glaſs Spheres fill'd with Water - — and by the Ex- 
perimene 


a _—_ 
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( 75') a 
periment of the artificial Rain-Bow; when having 
the Sun behind, and a dark -Place befare, the Eye. 
ſees the Colours in the falling Drops of the ſpouted 
Water from the Fountain, plac'd between the Eye 
and the ſaid dark Place. | 


Co En nee 


MrsceLLantous nere : 


22 85 fuch 1 as are ſometimes nal; 
5 21 in the Courſe, and ſometimes not; be- 


A cauſe what ever they may ſerve to prove, 
is fully evinc d from other Experiments, 


Sg FEE which are always made as ſet down in the 
Lectures. But theſe are generally perform'd the laſt 


Day, or after the Twenty Two above written Lectures 
(which are ſo many Propoſitions depending upon 


each other) are ended; 12 1 when the Auditors 
deſire it. 


E au Motion.ia attempted to be explain d 


by a Chain of Bladders raiſing a Weight, the Ma- 


chine being ſo contriv'd, that a ſmal} Quantity of 


Air blown into a Chain of ſmall Bladders, raiſes as 


great a Weight as a greater Quantity in the Chain 


of larger Bladders. 
2. The compreſs'd Air weigh'd in the Copper 


Ball ſhews, that when the Denſity of the Air is 
doubled; its Weight is alſo doubled. 


3. The Wind-gun throwing out a Bullet frong- 
ly, ſhews that the Spring of the Air is encreasd in 


Proportion to its Compreſſion; or when a great 
n ſts it is crouded i into a {mall SPace. 
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4. The Gage fot liſcoretig how much Air is 
crouded into an opaque Veſſel, (which conſiſts of a 
ftrong Glaſs Tube with a ſinall Bore, hermetically 
SeaPd at one end, and having the other end co- 
ver d with the Mercury that is in the cloſe Braſs 
Ciſtern) helps to ſhew, that the Denſity of the Air 


is as its Compreſſion, 


5. By a right Conkderaiin of what Effects the 


| Elaſticity of Bodies muſt produce, the Reaſon ap- 
pears why, in this fifth Experiment, when one ſhort 
Ivory Cylinder ſtrikes the firſt of a row of other 


Ivory Cylinders that touch one another, it ſhall only 
make the laſt fly off; whether it ſtrikes the firſt 


with a great or finall Velocity : But if two Cylin- 
ders are made to ſtrike the Row, then the two laſt 


Cylinders will be ſeparated ; as alſo the T hree laſt, 


| if the firſt is ſtruck by three Cylinders, &c. The 
ſame is true of Ivory Balls, or Glaſs Balls, or Object 
_ Glaſſes of Teleſcopes, if the Edges of them be not 
| Convex, 


6. The Force of the Steam of the heated Water, 


and the Centrifugal Force of a Body turning upon 


its Axis, together with the Reaſon of the riſing of 


a2 Rocket into the Air; are ſheun by the Experi- 5 
ments on the Folipile. | 


7, The Elettrical 1 of a Glaſs Globe 


ebb'd. with the Hand, whilſt it is whirl'd round 


by a Wheel, is ſhewn by the ſeveral Directions that 
it gives the Threads, when its Effluvia are excited: 
And that theſe Effluvia are luminous, and always 
ſhoot themſelves where there is the leaſt Reſiſtance, | 
appears from the other Glaſs G lobe exhauſted of its 
Air, which gives a fine Purple Light within, when | 
whir'd round and rubb'd with the hand ; an inter- 


rupted Light in Flaſhes, when a little Air is let in 
and all the Light ovewardily, when the Air is wholly 


let into the — | 8. Two 


(7787) ). = 
8. Two Gleſs:Bubbles! (of which one lies at top; 
and the other at che bottom of a Glaſs: Jar half full 
of Water) are made to change Places by filling up 
the Jar with Water; which Phenomenon, tho! it ap- 
pears ſtrange, is eaſily ſolv'd, when it is known, that 
the Water in the Jar was Salt, but that which was 
pour'd in warm and freſh ; ſo the whole Medium or 
Fluid becoming ſpecifically lighter, is no longer able 
to ſuſtain the upper Bubble, which was hermetically 
| Seal'd, when it had been made light enough to ſwim 
in very ſalt Water, tho? not in freſher ; and the Wa- 
ter becoming warmer, expands the Air in the low- 
er Bubble, whoſe Neck was open'd, and by that 
means part of the Water is driven out, and the 
Bubble becoming lighter, emerges 
v9. This ninth Experiment is to confute Monſ. 
Leibnitz's Notion, who in a Letter to the Abbot Big- 
non (printed in the Hiſtory of the Royal Academy at 
| Paris) affirm'd, That a Body does not weigh at all in a 
| Fluid whilſt it is falling, but only when it is ſuſtain d; 
and endeavour'd to account for the Variation of the 
Mercury in the Barometer, by ſaying, That the 
Clouds, as they fall in rainy Weather, eaſe the Air of 
4 all their Weight, which is falſe; for it appears by 
| this Experiment, that when the String that holds 
4 the Lead in the Tube of Water faſten'd to the 
Beam of the Balance is cut, the weight of the Wa. 
ter is encreas'd from the beginning of the fall of 
the Lead. See a full Account of this in the Philoſ, 


Tranſ. Numb. () V 
10. A Water-Clock, to ſhew, that the Surface 
of the Fluid in a Veſſel tapp'd at bottom, falls by 
a Motion uniformly diminiſh'd. at 
11, An Artificial Vortex in a Tin Bowl, to 
ſnew, that Planets ſpecifically lighter than the 
Parts of the Sun's Vortex (if there was one) wou'd 


0 078) ? 

tan into the Sun in a Spiral; and choſe that ſhou'd ; 
be! denſer wduid: fly off fro the' Sun in a Spiral, i 
And alſo to- ſhewe the di ference between abſo- | 
tute and relative Motion. | | 

12. Two Experiments to remove an Objettion 
againſt the Motion of the Earth. | 

13. The Linſeed Oil Thermometer meaſuring 
the heat of Boiling Water, and melted Metals. 
. A Thermometer | riſing by Heat (without 
Light) in , almoſt as much as another in 
Pens . 

15. Models of Mechanical Engine for raiſing 
arms or en ea | 
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| T + Sp contrary in na e iat 8, 
is 28 by By A stin and Re- Aon bq aal Chitnges 
, of. Motion, are 804058 5 in Bodies! 
Thus tw6 Bödlies a of open _ 25 
ther, will raed Gard Gr fro 
ther with equal Motions, tho the Velocities will = 
be equal, unleſs the Bodies be ſo too. As a Stone 
falls to the Earth, the Earth riſes up with the ſame 
Motjon as the Stone falls; but the Earth being infi- 
nitely greater than the Stone, its Motion will produce 
a Velocity infinitely leſs, and therefore inſenſible. 
So a ſmall Boat drawn by a Rope to a great Ship will 
ſeem to have all the Motion, the Ship being at reft ; 
tho' the Ship has really as much Motion.as-che..Beat, 
but that Motion diſtributed to all the Parts of the 
Ship can give the Ship but an inſenſible Velocity, 
When a Cannon is fir'd in a great Ship, the force 
of the Powder does equally att againſt the Ball be. 
fore it, and the Cannon behind, which wou'd recoil 
back with the ſame Motion as the Ball goes forward, 


il it was not faſten'd to the Ship; but inſtead of the 


Gun, the whole Ship;recails, which Motion in that 
Caſe amounts only to a ſhake of the Ship, upon ac- 
count of the great quantity of Matter to be mov'd. 
The Air alſo re- acts againſt the Bal), but its Parts 
being eaſily ſeparated upon account of its Fluidity, 
we are not ſo ſenſible of its Motion, unleſs the Ball 
Paſſes very near vs. eo. 
The 


er action of the Water againſt the Oars Cale 
t to move along —that r aga inſt 
and Feet, cauſes 4 
ing—= ahd by the Re- action of the Air Birds 
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